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IUTRODGCTION 


The purpose of this thesis in to determine, by computation, 
the scouragy limitations of metrogen photography for use in stereo 
plotting instruments suoh as the Wild Autograph A7. This will be 
done by analysing the error ourves of lenses for which data can be 
obtained. These data will then be cemared to a standard metrogon 
correction plate curve, ae verified by observation, to determing 
residual errors. Then error curves within the stereo model will 
be constructed for % and 2 coordinates and a yeparallex curve 
determined. Error curves from obsermtion of an setual set of 
metrogon photographs will then be constructed and compared with 


the commuted curves. 
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GENERAL DISCUSSICH OF METROGOR ACCURACY 


in order to discuss the acourasy of uetrogon photography, 
several letters wore written to governmental agencier and uetroren 
Zens mamifacturern requesting data on these lenses. The only reply 
received with any usable information was from the Natienal Bureau 
of Standards, enclosing data on all (25) metrogen lenses tested 
during fisoal year 1959. 

The distortion valuea, which were taken frem the original 
Gata, are tatuleted in miorens, nermally the Bureau reports dis- 
tortion values to the nearest ~ 0.02 rm. These lenees were tested 
at their maxioum aperture, f/6.3, and the measurements were made 
with ea eollimated inoident light using a E-3 filter, a tungsten 
source and Zastman Kodak spectroscopic emilsion type VY". Devel= 
opment was done in D-19 at 68°F for three minutes with continucus 
agitation. Tables I, II, and III are the tables of data provided 
by the National Dureeu of Standards. 

The data in Peblesa II and ITI are based on angular die~ 
placement from the principal point. This data was converted to 
redial distances in Table IV in order to provide a basie of com 
parinon with the correction plete. The date of Tablen [II anéd IV 
were then used to construct the distortion curves of the best, 
average, and worst lenses, in Figures 5 through &. These curves 
indicate the displacement cf the imego from the distortion free 
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3 
pesition. The abecisoa indicates radial distanes ef the distortion 
froa pesition from the phete center, A poaitive distortion value 
indicates a displacewen’t away from center. 





Thera has been considerable digeussion sence ng the astab- 
Lishnent of a standardised calibrated focel Length for metrogen 
lenses. Inacofar as could be determined, there has been no formal~- 
ised decision on this matter. I¢ is apparent from the reconstructed 
eurves of the 25 lenses that the National Buresu of Standards has 
adopted the oslibrated focal length to preduse sere distortion et 
the 423° cirole, as all curves plot out through this point. 

Table V is a table of lens distortions, besed on radial 
distance in mm, taken from the reconetructed curves ef distortion 
of the lenses. Figure 9 is the distortion compenestion curve of 
the correction plete mamufactured by Wild. The offset abscisaa 
chosen for construction of the plates was used in order to reduge 
the thickness of glass. Tho shifted abseoisea requires that the 
eslibrated focal Length of metrozgeon plates ueed with the correetion 
plates must be inoreased by 0.066 mm, liowever the values, taken in 
reference te the crigineal abecissma, ean bse used fer comparison with 
earves of lenses whose onlibrated focal length ie eat for sero dis- 
tortion at 425°. 

After a comparison of the correction pinte curve with the 
curves of distortion of the lenses, the amount of distortion which 
the ccrrection plates would leave uncompensated wae tabulated in 
Table WIe It 18 renlized thet 25 lenses is a swalil sempling of 
the mumber whieh has been muamfactured. However, this is the entire 
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munber mubmitted to the Bational Tureo of Standards, for testing, 
over a one yoar period, regardless of mumufacturer or source. With 
thie in mind, 1+ is interesting to note that only two lenses (8%) 
have diatertion curves oufficiently close to the correstion plate 
GUIVR y which is apperentiy a fairly widely accepted standard curve, 
to provide uncompansateé errors lene than “10 microna, Thirteen 
(62%) would have uncompensated errors lees then >20 microns. Twe 
(8%) of the lensen would have unecompenented errors in excess of 
40 microns. 

In order to determine tha effect the above errore would 
have on a steres model, an asaumed olevation of 4,009 meters above 
*errein was chosen and alevation grrers were computed using the 


basic relief dlaplecement relationship, 4 = rh. for commuting an 


approximate elevatien discrepanay whieh would result from the 
values in Table Wie This epproximation is undoubtedly accurate 
enough for the number of significant digits used. Theee values, 
tabulated in Table VIi, would ast necessarily be the errers meat~ 
ured in a stersc model, as they would depend on the relative ori- 
entation achieved which in turn weuvld depend uyea the location ef 
the choeen orientation points. Chia is true because, exvept along 
the line through the two principal pointe, the lene distortion wiil, 
e2use a varying amcunt of yeparallex, If this parallax is removed 
et the crientation points, the projetted images will not have the 
true spatial relationship, and the effecta of lena distortion at 
eny given point in the nodel may be ezagrerated or dininished 


; 
ne A eee err feeble oad 6!) Gis 
oe ws 8 eoue oem fe eeeli beet Mie Guten) TT 
(> oeeeet ot ghee dats Get of Rkeceyee 86 PA jane 9p O6ed 
em Wilders wd 08 ete PAA Sy Ins "E Ca eeeewmus cond 
coe Seka betes TEMP TT UTES © \ieRetome st cise yemreD 
ee ee 
ot meant TO ee we) rete be tre es oe 
ee 
| ee 

Alene VEE geet ak) ater er ame int 4 weed of 

ee 
PP her mate cue ei etre ba me ne an Saree 
es ed 


we De oe ee) A 
eee lieve Gb cretiege c U aidet od ee 
ee ee Ce | 
ee ee ee ee ee 
<n willinths oc) somes Site YO oe aes 4 
ee mail od cee heme? fed Ge oT Mb Bey tees matron 
wands Cyemse poomemnd 4h6 6) 66 AKI ILD me omen eB 
om eattvadet, ant ui emi Calero © 9) te aed 
Seid Ad hii 8d YL Ne te» ome 
6 tee ae cane a ed ety tine le oe 
Oe ee ee 
a em a i ey 


ae Ee ae 2” & 
























? 
devending on the specific case. On the other hand, if the dietortion 
at the chosen orientation points which are not on the line connecting 
the principal points happens to be zero from both projeatora, the 
relative orientation will be true and the lens distortion will have 
full effect. 

The valves in Table VI will de the maximim possible ele- 
vation error at any given point, that is the larger of the two ele~ 
vation errors at thet point will) te the maximum. This can ba beat 
demonstrated by diagramming the relationship of true and distorted 
raye at a point along the line commeeting the principal points, as 
in Figure il. 

As can be seen from Figure 1, the maximam elevation error 
goours when the elevation errore at @ given peint are equal which 
is true along the line equidietent from both principal points, and 
there will be an errer in the A direction whenever the elevation 
errors are unsqual. The same thing ooqura «% points which are not 
equidistent from both prineipal points or on lines through By and 
Lig perallel to this line, oxeept thet yeperallax is introduced, 

?his can be seen in Figure 2. In Figure 2, point A” is net actually 
& point of intersection ae the two rays pase thraugh the vertical 
line through A~A* at different points. A” is the point on both 
lines at which there is ne % or elevation separation and thus is 

the point whieh would be chesen in a stereo instrument as the true 
point with only yeparaliax present. Actually, the ray from Loy is 

in front of the ray from La, ef Sigaure 1 is @rawn. Tho range of 
poosible y positions in a stereo instrument would be between pointe 
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True rays 

Distorted rays of equal elewntion error 
Distorted ray of unequal clevation error 
to ray from right pro jestor 

undisterted positions 

equally distorted positions 

unequally distorted positions 

true projected imase 

projected immce with equel dletortions 
projected imace with unequel distortions 
elevation error with equal distortions 


elevation error with unequal distortions 
K error with unequal disterticns 


Figure 2 
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iymbvola as used in Pigure 1 


Figure 2 
A® on rays from L, and Loe The exact pesition would depend on the 
Telative orientation procedure. The point will be displaced by ¢X%" 
which will be sero in the event of equal elevation errors from both 
projectors, as at point A’, 
There will be no Xk displacement of the image along a line 


equidistant from both principal points or lines through Ly and Up 


parallel to this line as the points along the equidiatant line will 
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§ 
have equal distortion and thus equal elevation error at any given 
point along it, and the projection from either point parallel to 
the yeaxis will have ne X displacement. 

As san be seen from Figures 1 and 2, the X displacement 
will always be towart the projector having the lowest (algebrei- 
Cally) elevation ertor at the point in question. The magnitude 
of the 3 displacement is computed as follows: 


A drawing of e horisental projection of the raye involved 
onte a plane containing both camere azes is constructed. 
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bets, = 08," a, * One” ax" = DA” 
= tan," = ge a tan OC," « ee 
LS 5 te 
*2 
OD+ BD ee, =, CD = a, = 0, = BP 
my, (70278?) ~ ~~, m(x, < ¥_, (0172) 
cma am. « a 


A plus sign in adi" indicates displacement toward lige 
The range of possible y displacements can be shown by drawing a 
vertical view of the soheme displayed in Figure 3. 
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Figure 4 
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DA" = &X" (as showm in Figure 3) 





y, on" y, aX" 
AA," ad ax" tan 2 we =x AMA, * mm ax" tan Oy x a 
a 
2 at 


vy (“m, x, (e, -@)| & Yn" = @,) 


a 
© » wk —— ee 
AMAg” * & x -% nd a - x, 
zZ 


*9 ~_ = 4 


y. (—%. = (e, - ey) ~x 7 (e, ~ ©) 


way" = oe Cs hee 


% % “a, ~ “ap 
hast x y. (ee) x, ¥, (¢,-®,) 
total parallax A, "A," © +3 + 3 - 
“a “e ™ “se 


(eo, - e,)(x I, ~ % F ) 


A, MAy” = ay (at ground seale) 
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as 
(o, - )(x, ¥, ~ %, ¥, ) 


a 
at photo seale py «= a va a 


“s “2 

A plus sign in py indiontes that A,” if in a positive ¥ direction 
from Ay" 

An @zeample using lens mumber 25 and assuming a 100 mm 
Dase length, with the point of detail 60 mm from station 1 and 
6) om from station 2 along the line between principal points, is 
presented. In the case of points not on thia line, bear in mind 
that true radial distance from the principal peint met be used to 
determine elevation error, and this distance will differ from the 
values of *., and =, 
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x » 40 mm x s &© om @, 135 @, © 0.46 a 


* a 
f = 153.80 Sal 








The magnitude of the reseltant oclevation errer can also be 
commuted uaing Ficure 3 at a reference, 
AD © @, (resultant elevation error) = AB + BD 
AB = @ BE « aXK"oot OC," 


oot OC 4" « t/a, 


BD e 28h" 
“ae 
Thus: o, 20, - 
&2 


Vaing the example cf lene number 25: 


® « 0.48 a 0.81 m 


The signa of a, *a,’ a,’ Ye, are as measured in a phote 
stale model (positive print) for the above derivations. The above 
computational prosedures are applieadle to all types cf photography 
once the curve of elevation errors cue to distertion has been de- 
termined. Thus the elevation error and the X displacement caused 
by lene distortion can be commted for any given point in the sterco 


medel. This eonditicn, of ccurga, will only be the true situation 
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12 
if the relative orientetion has besn completed so that a trne 
spatial model has been developed, 

In the above szanple, greaume that the slevation variation 
of the terrain is 10% of the flying height abeve the terrain, 
Because the Values of e, and ®, are directly proportional to the 
flying heights, and e., and &k" ere directly proportional to first 
order equations containing ©, aad @,, the values will vary 10% cf 
the sommted value, thus: 


gtx Commuted Value 19” Variation 
e., 0.81 0.73 te 0.69 a 
ax" 0.128 m Q,.115 to 9.141 a 


Therefcre the acouracy of elevation commtstion would be one part 
in 50,000 of the fiying height, and the acouracy of the k eocordin-~ 
ate would be one part in 300,000 ef the flying height. 
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TAELS I 
FOCAL LEUGTHS 
a EI ee le Mee HOLE RE MN Te NE Ne Dee as ae RIC clea ate 
. Equivalent Calibrated 
Lens 106 Focal Length Foeal Length 
rsa Fob 

i 152.67 152077 
2 153-39 253-45 
3 254031 154.31 
a 153.86 153.85 
§ 151.85 151.90 
6 154634 15437 
4a 151.16 151.70 
§ 152.94 192495 
9 154634 154.34 
10 153019 153.22 
il 453-33 15339 
12 153-73 153.70 
L3 153.67 153075 
24 152.56 152,62 
15 153-19 153029 
16 153-236 153430 
17 152.79 352.76 
1& 153-42 £53. 
19 153.81 153.80 
20 15537 15 e 3D 
21 353. 153009 
Le 153040 153036 
23 254.22 454.19 
24 252454 152249 
25 2153.96 153.60 
AWWe 253244 


The probable errors of these deterzinations of focal 


length do not exoeed 50.10 mn. 
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TABLE IT 


DISTORTION REFERRED TC THE EQUIVALENT FOCAL LENGTH IN MICRONS 


Lens Bo. “0” 5° 





10° 15° 20° 5° 70° 35° 40° 45° 


A Maort" ies Bee: 








1 ®o 2 1 #33 #36 76 426 173 «172 9 
2 ee - 2 t2@n8 &€ 19 6A] SCOR OC 74 
3 o “1. 2 10 8% & 96 139 &S&. 220 
4 ® 2@ 1 12 ye & 92 108 62 =L28 
5 Oo 2@ 2 16 4 70 wT 14 M3 = $3 
§ Oo = 2 13 2 & 96 132 110 + &¢ 
7 6 @ 2 12 M4 & $6 115 70 <120 
B Oo @ 2 &4& M 84 100 18 106 +104 
9 o ©0131 3% & 123 96 =220 
10 0 -— 2 13 6 Th i234 #=%42846 #12 ~ 
11 o @ 2 6 33 73 4&2 1246 136 ~ 8&9 
12 o -3 2 10 % 92 110 62 =150 
23 o = 2 § & G& 163 #188 $178 - 16 
14 > @ 1 & 3% TT 2 140 115 ~ &@ 
15 6 <2 2 13 23 6 100 «1190Cté—‘*s =O 
16 o 2 0 10 @ 74 86 ~164 
17 ¢$ 68e¢0 2 3 &6 67 102 §6 «353 
1 oO =< 2 12 26 52 77 & 163 
19 o +2 12 23 mw 56 94 121 3 -135 
20 © 2 <@ 10 2% 357 97 ««119Ct:i‘«‘ST:=é‘é‘é#A”*CSSA 
21 So =} 2 2 2 a9 44 77 13 ~227 
22 3 =m 3 30 2 52 £9 94 49 16) 
23 Oo 2 2 12 34 §3 94 120 62 «146 
24 o 2 1 #j%& 36 66 £8 4 +(40 -~1T4 
25 ®o oc 6 169 & 60 al -~ 1 =220 
AVeraAgs 6 @2@ ih NR 95 119 &3 <122 
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CARBLE TiI 
DISPONTIO’ REPAPRED TO THE CALIBRATSD FOCAL LENGTH IN MICRONS 





tems Ko. 6° 5° 20° 25° ao° oe® 39° ge° n° 45° 





1 6 -12 ~18 -15 © 2 6 wt &4 <3 
2 0-6 =~7 =~2 12 44 89 127 98 +127 
3 o-2 21 10 © & 96 119 & -%20 
4 0 =i 3 O6UA58 HSC 96 116 72 126 
5 0 ~6 =-6 £ WwW 49 S12 166 75 «=«=100 
& © -5 -3 5 hl 5 79 #4ll 8 -220 
7 0 -2 3 13 36 & 116 8674 his 
3 Oo -3 -2 2 2 4&7 91 120 87 2119 
9 oo 6© 0 hh 3 & 99 #123 96 -L20 
10 © -5 ~3 5 19 56 96 124 8 ~1% 
12 O60 -5 =-4 -2 2 $6 93 123 #88 223 
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The valuee of the distortion are sensured in sierons and 
indivets the displacement cf the image from its distertion-free 
position. A positive value indicates « displacement from the 
center of the plete. The probable error dees not exceed 2G 
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VSRIFYING THE CURVE OF THE NETROGON CORRECTION PLATES 


The metrogon correction platem, serials 49 and 50, which 
wore semifactured for The Chie State University by ¢ild Instruments 
wore used with erid test plates 377 and 376 to determine the aotusl 
éispleacement carged by the correction plates. These obzerveticns 
were made in the 711d A7 Autograph, using monocular vision end ob- 
gerving each grid plate through each correction plate. The instru« 
ment edjustments were all serosd exsept foesl length, set at 125 mm, 
end s, sot at 300 mm. The measurements are contained in Tables VITI 
through AI. The mimbering system ueed ie consistent for all meas- 
urements. The first mumber refera to rows perallel te the X axis, 
wtarting on the Y positive (upper) side of the plate. The sesond 
sumber refere to rowa perellel to the Y axle, starting at the x 
negative (left) side of the plate. The average distance of the pro- 
fection of each grid intermection from the center is tabulated in 
Tables XII threugh XV. 

These menturenents were then compared with the tzue po- 
eitions of the grid intersections. The distortions wre then geegh 
feally aonverted to redial and tangential distortion and tabulated 
in Tables XVI through 2Ik. Then the distortieon figures were reduced 
to photo seale, averaged for each correction plate and tabalated in 
Tables XX and ZAT. The sign conventions used in Tebdle AVI and mub— 
sequently are pomitive away from center in the ease of redial, and 
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positive clockwise when viewad from above in the oases of tangential 
éistortion. 

Age is cbvious from the tangential distortion figures, there 
ia apparently some 0€ rotation errer in the aldgnment of the grid 
plates in the exntograph. In order to eliminate any effect of this 
error, the surmation of the tanzentiel distortions divided by the 
radial distence from oonter ms set equal to sere and sorrecticons 
applied acoordingly. The results of these computations appear in 
Yablea ZXIT and EXTII. Plots of these values do not indicate any 
syetemetic error exoept that the lower left half (ae viewed from 
the top) is predominately nagative and the upper right half is pre- 
dominately positive. The magnitudes of distertion within these 
areas are cOmpletely random. Ths positive and neogetive patterns 
being aimilar indicates a syatematio error either in the autograph 
optics or in the mamfacture cf the correction plates. There is 
not mfficient information or speciciised equipment evallable to 
thie writer to determine which sourss caused the error. 

The radial distortions contained in Tables 7% and KAI are 
plotted in relation to the curve provided "iid for the manmfecture 
of the cerrecticn plates in Figures 10 and 11. An cen be seen, the 
sane range of random errors ia present in radiel distertion ee is 
present in tangential distortion. However, the redial figures indi-~ 
eate a displacement toward the lower right of approxzimetely the same 
magnitude aa is evidenced by the tangentinl distortion. 

if the shove displecement were compensated, the tangential 
éistortion figures would shew no definite pattern and the radial 


- 

ed See mee nk Ore eel Lee oe om te orl 
reel 

PP .DOVEY AL heh oe we commen of o) 
Som 008 Wh trades Oe ge wre wehbe? > a (Peas ob 
ee ae ——— nt ir td 
oF yl ATS eer dnlveme) Odi be mitoee ab ome 
oterws Re ee Leet me, he ts medals inkney 
omens cmltes ups em — vine 6 1u eviiewme ha tigge 
ee ee ee ee ee 
ed ee ee ee ee 
ee a ee 








ee he eid See ot Ctics bas 
Ne a ee 
“ieee Sat i meds ment cideemanye + pesvotin! wiltels ated 
re SN tm <i > etme att nd ed 
La tate ate mires mr 
a ee w atte she 

‘2 > ele Whee ee 6, a” 
CRIS wm eT NL Re SVEe ereem wl Or mallee +s my 
ee ot ae AD hee EE eS Ah candy elie et Oe 
6 Se, tess 0 Re dhe © ul ee 
ye ; 





















e7 
distortion would epproximate, within “10 miorens, the curve provided 
for the oonstruotion of the plates. The errors resulting can he 
dieregarded in any computation, without resulting in any eppreciable 


GRTor s 


* 

air ere vad emma OD ebkire yomminwmme Mme enheeeee 

= eke ewe et werd ew eee ee 

{ene OS ON -ottetuE Om 2 oem 
_ it @& Gai on . 








> il 

° — = = «4 7 

a? ee ar * iw ll ole 
Ene. ew — oe 
CO ge OE —e@® <@ ——— ai _— 
a es — <9 © ~ =“ a 





oat ee ete SS Se ee ee 


we’ a AE + 


—— te eee See 











“ OO | ee cms 
i i te a al a ae 
. _—] > 6) out; an 
a Ce nil le ml = ae 
DO © i i ees Ce es i 














28 


T4RLR VIII 
GRID 377 FLATR 49, GRID INPERSRCTION COORDINATES 





Point x 4 Point } Y 
L=2 562%.53 1071.21 Da}, 5627.42 1023620 
23 22 42 il 
52 22 42 10 
53 21 42 16 
5579043 8 8©61071 09 5579.39 1023.93 
44 O9 39 03 
10 39 03 
43 11 39 63 
3 5531.42 1671.02 5532.39 1023.00 
49 de 39 Ol 
40 O1 39 00 
41 03 39 Ol 
4 5403.41 1070.99 $483.43 1023.00 
41 98 43 00 
Al ss 43 01 
42 oc 43 22.99 
5 5435046 1070.99 6435.49 1023.02 
46 99 50 OL 
45 58 49 01 
46 _ _ 49 o1 
6 $367.50 1070.98 5307652 1023.03 
49 99 52 03 
49 99 52 03 
59 99 52 C3 
? 5339.54 1070.99 5339.55 1023.03 
54 99 55 63 
53 99 55 03 
53 98 55 92 
p 5291.57 1071.92 $292.60 1023.02 
57 60 03 
57 76699 & 62 
57 59 o2 
9 5243.56 1072.03 5243.63 1023,02 
59 O4 64 02 
59 03 64 02 
6 03 63 02 
210 5395655 8 8=6—1 0721-12 5195.65 1023407 
56 12 64 07 
57 1d 64 o6 
56 12 64 0S 
11 5147642 1071.24 $147.56 1023.14 
82 23 vai 43 
42 25 56 13 
42 25, 56 13 
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TABLE ¥iTI—Contimaed 


“t Point as 





975 209 ae 5627 34 
? 33 


sh) 33 
33 
O% 35 
O4 
we 3 5531043 
o5 43 
O75 oa 4 BAS 3049 
og 
06 4G 
Of 
97510 5 5435052 
10 
16 52 
10 52 
97512 a 537 3 
12 $2 
ol 
975212 7 nee 
12 51 
12 52 
975 09 & $291.55 
09 5G 
oS 54 
oe 54 
$75.06 § 5243.60 
07 59 
O6 593 
o6 60 
915-06 10 5195.67 
04 67 
05 66 
975.09 11 aa 
10 67 
19 64 


=a @e «te «© & 
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TSSLE Vill—Contimed 


Tt Point x v 
Sm) 5627234 879.22 Gal 5627.32 831.15 
. of 13 32 16 

" 34 13 32 16 

34 12 31 16 

2 5579040 879012 2 5579.36 €32.15 
39 12 % 1.6 

39 12 x% 16 

39 12 bia) 15 

3 5531.47 879.13 3 %531-47 €323.15 
47 13 46 16 

47 13 47 16 

47 13 47 16 

4 5403253 879.15 4 5463.53 831.16 
53 16 53 17 

53 16 54 17 

53 15 54 17 

5 §435455 679.16 § $435.56 831.16 
56 17 56 17 

56 17 56 16 

55 17 57 16 

6 §387-53 «879.419 6 $307.53 632.19 
53 20 53 19 

52 20 $3 18 

53 20 53 18 

7 5339.51 &79.19 7 5339-49 631.20 
51 19 49 20 

50 18 49 19 

50 19 49 a0 

8 5291.54 679.16 & $293.52 631.17 
53 16 52 17 

53 16 52 18 

53 15 53 17 

9 5243059 879014 9 5243.58 632.18 
59 14 56 18 

59 15 57 16 

59 14 57 18 

10 5295.67 879623 10 $195.67 632.19 
G7 13 66 As 

67 14 &6 19 

67 13 66 as: 

11 5247270 879.12 12 $147.70 831.28 
70 13 70 17 

70 13 & 17 

70 13 76 3 
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TABLE Vilie~CVontimed 
SORES OCT RES Se FAY A EINE SIT 
Point x Bf Point’ BK x 








ol 5627+33 763.19 Ent 562735 7135+22 
33 20 34 23 


” 32 20 BY 24 

33 i9 35 23 

2 5579.37 «= 783.18 2 5579036 735623 
37 pty 36 23 

37 18 36 23 

2 1 36 23 

3 55 32045 mt 3 5531643 735.21 
46 17 4h 2 

46 17 43 21 

4 5423252 783.16 4 5453049 735-19 
50 16 49 19 

52 16 49 19 

52 16 50 19 

5 §435054 783.13 5 5435.52 73515 
54 13 52 15 

13 53 15 

55 14 53 25 

6 5397-53 783623 6 637651 89735645 
$3 13 $1 16 

53 23 51 16 

52 13 52 16 

vj 5339.50 783.15 7 5339051 8=—- 733.18 
49 16 52 18 

16 52 16 

49 15 52 19 

& 5291651 783014 & 5291.54 135.19 
51 15 54 19 

$1. 14 54 29 

51 45 55 L3 

9 5243057 783.37 5 5243.00 73523 
57 17 6D) 23 

57 17 59 23 

$7 17 ve) 22 

10 529520 = 7831S 10 6195.66 735.24 
bh 19 67 25 

& 20 66 25 

¢ 19 66 25 

il 5147. 783.18 12 5147.66 73522 
oy 16 ae 20 

& 19 66 23 


& 17 67 22 
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TALE VIIT—Continued 


4 


Point Xx zt Point ¥ 
acd, 5627237 667.25 10—3, 5627043 639.19 
. 36 25 42 20 
36 25 42 21 
36 25 42 20 
2 5579035 = BT AT 2 5579-40 = 539 27 
35 28 39 26 
35 as 40 27 
kb, 28 39 26 
3 $531.40 7.28 3 5532640 639.29 
Al 28 40 30 
41 29 40 30 
£0 2° 40 29 
4 5453645 7-2T 4 5453-43 639.1 
45 27 43 32 
46 26 44 32 
45 26 44 32 
5 $435.50 657624 5 5435-46 = 639 BE 
50 23 48 ao 
50 24 46 28 
SO 24 4& 26 
6 5387.51 7.24 6 5357.50 639.29 
51 23 50 29 
51 2g | 29 
S1 23 50 29 
7 5339-53 7.26 7 5339653 639.32 
$3 26 53 31 
52 27 52 37 
53 26 52 36 
& $291.57 £7.25 € 5292057 639229 
57 26 57 29 
57 26 57 30 
56 25 57 30 
9 $243662 G@Ts27 y 5243.61 639.29 
él 28 Sa) 29 
él 28 60 29 
6) 28 & 29 
10 5195.66 687.29 10 5195.63 639.26 
66 28 63 27 
66 ee 63 27 
66 28 62 26 
i1 5247-63 7.23 13. 51473553 46. 6 399-126 
6d 23 53 18 
63 24 53 19 
63 23 53 17 
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TABLES VilimWontimeed 





4. 
42 3% 
41 
4 5453-43 591-34 
43 
44 be 
43 
3 5435.46 593 «34 
47 34 
46 35 
P 47 4 
LF) 5 367 256 591.35 
49 36 
50 36 
49 35 
7 5339-52 591037 
52 37 
52 37 
ne 36 
8 5291 254 5913 
55 33 
55 31 
o4 33 
9 5243.56 591 «27 
55 29 
§6 29 
55 29 
16 $195.52 551022 
52 22 
52 23 
52 22 
12 5147.% 591 205 
¥% 06 
37 05 








nd foche 


A. OR I, LL OW SE te ek 








, ‘ , | 
-_— «* 6 ; : ‘ : . 7 
, 2S i OE GN Ae te one oe 


rrr» 
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TABLE Ti 
GRID 378 PLATR 49, GRID INTERSROTION COORDINATES 





Point x ¥ Point x Y 
l=] 3029.59 1060.01 Qu}, $029.48 1011.92 
59 02 £8 92 
59 ol 48 92 
& o1 48 91 
2 4981449 2059.91 2 49034645 1011.64 
49 91 4d B4 
49 90 45 85 
50 iy 45 84 
3 4933046 1059 3 42933246 §=1011.82 
45 &4 45 82 
46 &5 45 a2 
46 &4 46 83 
4 4885.48 1059.79 4 4865.51 1011.83 
&7 $2 50 82 
47 &0 50 &2 
47 63 50 83 
5 4837.52 1059.79 5 4837-56 1011.62 
52 T$ 55 $2 
51 19 55 &3 
51 £0 55 &2 
é 4729.56 1059.79 6 a 1012.85 
57 60 B4 
56 G0 56 84 
56 79 58 84 
7 4741.61 1059.80 7 4742.62 1012.85 
G1 $2 62 B4 
'<¢) &1 62 85 
60 BO 62 &5 
8 4693263 1059.81 é 4693.66 1011.83 
64 63 56 &3 
63 e2 G5 B4 
63 82 &5 83 
9 4645.65 1059.04 9 4645.70 1011.84 
5 8S FO G4 
66 act 70 E5 
65 86 &5 oe 
19 4597-42 §=—005.9..94 219 4597.72 101i. 
GL 95 7¢ &9 
61 95 70 4 
Gl 94 TO 
22 4549.48 1060.07 12 4549.62 1611.95 
49 06 GL 95 
46 06 62 95 
4& 06 61 55 
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TABLE IX—~—Contimed 
Point A Y Poin’ & + 4 
3-1 5029.43 963.90 4~}, 6020.40 915.89 
43 91 39 90 
. 42 91 39 96 
42 90 46 a9 
2 4961-42 963.86 2 4981.41 915.87 
42 87 &0 £8 
4l B&6 40 &9 
42 &6 41 $& 
3 4933045 963086 5 4933046 915.90 
46 85 91 
46 85 47 90 
46 86 47 91 
é 4885.52 963.89 4 4885.54 915.93 
52 90 55 
52 90 
52 90 54 
5 4837.56 9983.91 5 4837.52 915.95 
56 91 69 4 
55 92 57 94 
55 92 57 95 
6 4789.59 963.92 6 4789.58 915.97 
Fp 97 
58 97 
a, 97 
7 AT41e6i 963.93 7 4741057 = - 915297 
& 93 5s 98 
&© 93 57 97 
60 93 gé 
8 4693.64 963.90 g 4693.61 925.94 
' 63 91 w 9% 
63 93 & 9 
63 fo & 94 
9 4645.69 963 y 4645.66 915.93 
70 &9 66 93 
69 £8 66 93 
69 &9 &6 ge 
10 4597074 963-89 10 4597.73 915.93 
14 90 73 92 
14 50 73 9) 
14 B9 72 91 
11 4549.70 963.04 12 4549-73 -95.92 
71 95 13 92 
70 95 73 93 
71 94 13 92 
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TARLS Li~mContimed 


Point 


Point x +4 P 4 4 
jad 5029 «39 $67.93 Ge 5929 9 37 519.97 
39 94 36 87 
94 36 96 
3f 94 37 96 
2 461244 56793 4901 43 519.96 
44 93 43 97 
ag 93 43 97 
fh §3 42 97 
3 4933.51 S6T D4 3 $933052 619.97 
52 G4 $1 98 
51 oF 51 9E 
52 94 $2 9f 
4 4685.59 867.96 4 4805.58 619.98 
50 96 Be 97 
5o $7 Bh % 
58 97 $C of 
5 4637.81 & 67 69E 5 4837 62 619.97 
GL 9& él 97 
él 98 62 98 
6 GE 62 o7 
§ 4789.6 66.01 5 £729.55 820 «00 
59 O21 56 oo 
ol ef 00 
$9 OL ata oo 
7 4141.57 £68.01 7 4141655 620,01 
$7 o1 54 02 
57 o2 54 ol 
57 o1 55 o1 
& 4693259 867.97 § 4693-57 619.98 
50 97 57 99 
96 56 98 
5o 87 56 95 
9 4645.65 867.96 9 4645064 $20.01 
65 96 64 o1 
97 63 00 
64 $6 63 06 
10 4597073 («8 67.96 10 4597-72 20.00 
72 o6 7 02 
73 96 Ti OL 
72 95 72 02 
1 4549076 667.96 12 4549-75 820.00 
75 96 15 6O 
15 96 74 a0 
75 95 15 00 
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PANE IX—Continued 


Point Y Point 

Tol 5029 237 172.00 fw] 
. af o1 
37 O1 
36 00 

2 4961.41 172..99 2 
Al 99 
41 12.99 
41 99 

3 4933.50 T7109 3 
98 
98 
90 97 

4 4885 256 771 097 4 
rn 
56 9] 
56 98 

5 4537 659 772.95 5 
59 $5 
38 95 
59 $4 

6 4789 256 172.96 6 
| 9% 
56 95 
57 96 

7 £741 655 TTL 096 7 
55 96 
54 97 
54 96 

§ 4693.56 771095 8 
$5 96 
56 96 
56 96 

9 4645 . 62 771.098 9 
61 99 
él 99 
6) 99 

16 4597.69 772403. 16 
69 02 
rie) O12 
63 ol 

ii 4549013 112200 11 
73 Ol 
{2 ol 
73 00 


x 
5025039 
39 
29 
39 
4981 240 
41 
40 
43 
4933045 
ah 
4b 


4h 
4085 054 
a4 


34 
ond 


124 6O4 





x 


TADLE Ti—Continned 





Point x Y Point x Y 
Re], 5029 40 676.08 10-3 5029.46 620 .02 
, 41 06 4& O1 

40 ob 47 03 

40 os 47 G3 

2 4961.41 676210 2 4961.44 626 .08 
40 10 44 of 

40 10 43 09 

40 10 43 09 

4 4933.45 676.09 3 4933.45 628.11 
46 08 45 11 

46 09 45 il 

45 09 44 hn 

4 4885 250 676.09 4 4685.40 6258.13 
50 09 4& 13 

&O o9 Af 13 

59 09 4D 12 

5 48 37 054 67 6605 5 4837.53 626 410 
55 05 53 10 

05 53 16 

54 06 53 10 

6 4789 .56 $7 6405 & 47E9 255 625 010 
56 06 56 16 

55 06 56 10 

56 06 55 10 

7 4741.58 676.07 7 &743.56 625 12 
5g 6 58 13 

57 55 13 

57 OT 56 13 

& 4693-6. 676.07 6 4693.62 628,11 
61 07 Gl 12 

él 07 61 12 

61 07 62 13 

9 4645.67 676.09 § 4645.66 628 612 
67 09 65 ll 

67 : 65 12 

67 og 6 12 

10 4597.71 676.10 16 0«=—_-« 4597 . 66 628 23 
70 12 67 19 

10 12 &T 10 

TO 12 66 10 

11 £549.69 676.06 12 4549 058 628 .01 
& OT 57 00 

6 07 57 O1 

69 07 57 OL 
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DARE Tiewl ont lamed 








Point xX T 
11-2 5029.62 57969 
§3 90 
90 
&., &9 
° 4981.49 550.04 
50 04 
C4 
49 03 
3 4933047 $0.10 
47 10 
47 32 
47 10 
4 4885 .46 520.26 
4& 15 
4é 16 
46 16 
52 16 
51 16 
56 16 
& 4769.55 580.27 
55 17 
54 if 
54 18 
7 4741-57 520.18 
57 18 
57 18 
56 18 
g 4693-59 520012 
i) 13 
7 13 
5 43 
9 4645.8) 560209 
63 10 
61 10 
& 09 
26 4597 56 560.02 
56 62 
56 o3 
56 03 
ii 4549-42 579 86 
43 §5 
42 6 
43 &5 





‘ 4 > 7 a ot ; 9 e T _ | - «@ > J ~ ' 
; ’ id e e ° ~ ' 


sede 


ee ie — Se ee 
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ARLE X 
GRID 377 PLATE 50, GRID INTERSROTION COORDINATES 








Point x Y Point x a 
tm 231.93 240606 2-2 231.85 192.95 
*93 o4 &6 94 
94 04 84 94 
94 05 g5 96 
2 183.86 239.95 2 183.81 192.88 
66 94 81 £9 
66 94 80 68 
86 o5 
3 135654 239.86 3 1a Be 191.86 
87 8a &6 
84 £8 he 86 
4 87 85 =< é 87 85 192.57 
Sd Ba &6 ST 
G4 &6 87 
5 39689 239.82 5 39290 0S: 91.87 
90 && 
90 &2 89 87 
€3 $0 &7 
6 9991.94 239083 6 9991 95 191.89 
3 &3 ps) &9 
93 63 e &9 
1 9943.97 239.83 7 9943.58 191,88 
96 3 3S 8E 
97 63 96 &E 
97 of 58 
8 9896.02 239685 & a ~ aaa || 
co fg 02 8&6 
P G2 &6 
9 9842 .02 239 87 9 $848.06 192.86 
02 OT 
O21 06 86 
02 £8 66 £6 
10 9799.99 229.95 10 9800.07 191.89 
99 95 06 89 
98 94 06 69 
ge 95 C6 x) 
12 9751.85 240.09 11 9751.96 191.95 
&5 10 96 95 
4 oF ee $5 








4l 


TABLE K—Continued 


Point 7 ¥ Foint kK ms 
3~]. 231.79 143.93 Am}, 231.75 95.94 
£0 93 76 $3 
* 19 93 76 93 
19 $3 76 $2 
Pa 183.79 143,88 2 183,78 95 292 
79 88 7é 92 
79 &8 Ts G2 
79 es 19 92 
3 135.83 143.€9 3 135€5 95 95 
$3 90 gS $5 
83 E9 £5 95 
83 90 &5 95 
4 87.90 143.93 4 87 692 95 296 
90 93 $2 98 
90 92 92 99 
90 93 92 9 
5 39-93 143594 5 39095 96,00 
94 94 95 60 
93 94 G4 C0 
93 95 95 06 
6 $991.95 143.96 6 $991.95 96.02 
96 96 95 02 
95 96 95 01 
95 56 $5 01 
7 9943.95 143.97 7 9943.96 96,03 
96 95 C1 
96 94 Ol 
96 95 OL 
& 9896.01 143294 8 9695 «99 95 097 
O1 93 9§ 57 
Ol 93 98 97 
02 94 oh 96 
9 9648.07 143.91 9 9648 .04 95 96 
06 91 63 95 
06 91 03 06 
O06 91 03 55 
16 9800.21 143.90 10 9800.10 95292 
12 90 O9 93 
11 90 a9 93 
10 90 20 92 
il 9752 O07 143.96 i 9752611 95 93 
07 95 10 $3 
07 95 li 93 
07 95 1i 92 











a) 
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TABLE A——Contimed 


Point x Y Point XK Y 
Se] 231.76 47 «9 6—}, 231.274 0.02 
fe 97 74 02 
6 97 75 02 
76 x 02 
2 123,82 47-97 2 183.81 9.01 
81 97 &1 Ol 
$1 96 $2 rey 
£2 96 B2 a2 
3 13509 47.6% 3 135.90 0,02 
&9 9e 90 02 
90 98 90 02 
&9 $6 90 01 
4 87 697 48 .02 4 87.97 0.93 
97 61 97 O4 
37 01 97 03 
96 01 97 93 
5 39.98 48 O02 5 40.01. 0.02 
96 02 C2 02 
39 2 02 01 
96 02 00 02 
6 9993 097 46 095 6 9991 697 0.02 
$7 06 97 02 
96 % 97 93 
96 OA 97 63 
7 7943.93 48 6O5 7 $943.93 0.63 
93 04 93 03 
$3 06 93 63 
93 05 92 03 
& 9895 97 4& .01 & 9895 095 0,02 
96 00 94 ca 
97 O1 95 o2 
97 00 95 ol 
§ 9646.03 47 9 9 9646.01 0,01 
02 99 o1 02 
02 99 ays O1 
01 vs O1 O21 
i006=s« $800.16 47.97 10 9800 607 0.01 
09 9€ 06 02 
10 of 08 ol 
03 97 of 02 
12 9752413 47 696 11 4©=._- 9752.13 0.00 
12 97 12 CO 
13 96 12 02 
13 96 12 ol 








Point 








¥ 


va 
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TADLE A=-—Contimed 


Point 


A 





q=l 231.75 9952.03 ba}, 232.78 99504 OF 
36 04 76 GF 

76 o4 78 OG 

6 04 78 of 

2 163.79 9952.02 2 163.79 9904 209 
19 02 £6 09 

79 62 £0 09 

ez 3 &O OS 

3 135.08 9952 01 3 135 88 9904 08 
87 62 & OT 

£9 o2 OT 

RE on o7 

& E794 $952.00 é 57 «93 9904 .06 
54 G0 93 06 

$5 #8) $3 OS 

5 _ & 98 05 

5 39.97 9951 099 5 3997 9904.02 
96 56 96 C1 

96 x 97 co 

97 _ 97 OL 

G 9991.95 9951.99 9991 «97 9904 02 
94 99 36 Ol 

94 99 oF oO 

o4 of 97 ee) 

7 9943.96 995 6 90 7 9943.95 9904 203 
92. 60 96 04 

91 OG 96 03 

OL a) 55 G3 

8 9055 094 9952.00 & 9695.38 5904 .02 
94 00 98 o2 

93 — 6 99 3 

93 9951.99 a8 02 

9 G47 099 9952.02 g G48 203 9904 .06 
02 oe 6 

9846 .00 O2 03 06 

62 02 a6 

10 9800.07 9952.03 10 3000.09 9904 07 
O7 03 a9 OT 

OT 03 09 of 

07 62 o6 07 

12 9752.10 9952.02 11 9752.16 9904 «4 
09 02 06 05 

10 on Og 05 

G9 O1 os O6 








? Kk t FeLiat K Y 
5] 231.60 9856.09 10~} 231.86 9008.04 
£9 87 O5 
30 10 86 05 
80 &6 04 
2 183.79 9656.12 2 183.82 9806.12 
79 Li §3 li 
12 83 12 
12 &2 11 
3 135.52 9856.13 3 235083 9006.14 
&3 12 &3 13 
&3 12 &3 13 
Hs 1 83 12 
4 87.6 9656.12 4 B75 9808 .16 
BE 1 &6 16 
&9 12 66 i6 
£8 12 &6 16 
y) 39 093 9856.08 5 359.90 9605 213 
92 07 90 12 
92 oO 90 13 
93 07 oe i2 
9991 94 9656.08 & 9992.94 9808 13 
95 o8 y 12 
94 06 $3 13 
94 of 93 12 
1 9943.95 YE56.11 7 9943.96 606.14 
94 96 14 
04 il 96 14 
O4 12 96 14 
& 9895.99 9656.09 $ 9896.00 9008.22 
99 09 12 
99 10 9895 699 13 
96 16 95 12 
9 9248.03 9856.13 9 9648.92 908.11 
03 li 02 11 
03 12 o2 12 
03 21 O2 12 
100—_(« 9800.06 9256.12 10 )0=_«sGH02—(is« HT.’ 
06 12 O9 
07 12 ol 09 
07 12 of 
1, 9752.05 9856.07 il 0=s_s« 9752.94 =—s-:978HE 00 
05 08 95 00 
O6 07 96 00 
04 06 94 oC 


Gint 
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TAELS teeJonbtinued 
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TABLE Ke—Contimed 








Point A T 
lim} 8=s_s«a232,.02 2=— 8759.93 
01 $3 
‘ aye 94 
62 94 
2 1283.89 976.07 
90 oT 
99 C7 
590 os 
3 135.86 7.11 
56 12 
EG 12 
£6 12 
4 OF Ge 97 60419 
87 19 
8 20 
BG ig 
5 39.92 97.17 
16 
92 £9 
91, 19 
6 9992.94 5760.19 
O4 19 
$4 19 
94 L$ 
7 9943.96 97 60.19 
96 20 
OG 20 
95 20 
& 9695.99 9760.16 
gf 15 
Sf 15 
go «45 
9 9847-95 9760.11 
GE 4E 00 12 
60 12 
00 11 
10 «9799.96 974.06 
97 06 
97 05 
37 e6 
120 9751683 9759 08 
&2 &F 
$2 7 


62 87 











PARLE XT 


Point 


GRID 376 PLATE 50, GRID INPERERCTION COCRDINATERS 


Point a Y a 4 
1-} 5673043 1016.29 e=1 5673.33 965.21 
43 29 34 21 
43 29 33 2l 
43 29 43 22 
2 5625.35 1016.22 2 $625.28 968.15 
35 20 at 14 
: 20 2 14 
35 20 ry 14 
3 5577232 1016.12 3 $577 30 9628 14 
33 13 3a 13 
32 13 32 13 
32 14 30 13 
4 5529.34 1026.10 A 5529 «35 968 15 
35 10 15 
4 10 15 
34 16 16 
5 5481.39 1016.10 5 5482.39 996.16 
40 09 40 16 
36 09 39 16 
39 16 3 15 
6 3433043 1016.12 & 433044 $65.28 
44 12 44 17 
43 11 45 18 
43 12 44 18 
7 5365.47 1016.12 7 5335 47 966 .17 
&T 12 && 7 
4G a2 4b 17 
47 12 47 17 
& 5337-52 1016.12 & 5337252 968.216 
51 13 52 16 
51 13 51 15 
§1 12 52 15 
9 $209.53 1016.17 9 $269.56 968.16 
53 16 vis 16 
53 16 56 15 
52 17 55 15 
20 $242.50 1016.23 10 $243.56 96.19 
49 23 55 ) 
49 23 55 18 
4S 24 55 18 
il 5293036 1016.36 12 51.93.46 968 25 
36 36 4b 24 
36 37 48 24 
36 37 47 2 





i 





SERSERRERE 
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TADLE Ai--Contioned 
| = eee - , 


Point x Y Point rs r 





Jo]. 5673.26 920.19 g=} 5673.23 872.20 
26 23 20 


19 
rig) 19 23 20 
19 22 
2 5625626 920.17 2 5625 «25 72.21 
2 
25 16 25 20 
26 17 26 21 
3 5577-30 wee 3 5577 33 —- 
31 1é 33 23 
1& : 2 
4 5529 eX — 4 5529 6 39 072.29 
37 os 26 
3 | 
5 5481.42 $20 24 5 $481.42  8&72.30 
24 43 
42 25 43 31 
41 24 4a yi 
6 5433043 980.26 6 5433043 872.33 
26 &3 2 
43 26 G& 33 
42 26 43 
7 5305.46 920.26 q 5365.44 &72.32 
46 2T 43 
&5 27 43 33 
£6 27 43 
oe 5337 249 — § 5337 245 972.26 
50 24 46 26 
4 23 4 
9 5209.55 92081 9 5209.52 272.26 
55 1 2 
55 21 
55 21 51 
10 5241.60 920.20 10 5241.58 872.24 
19 
59 20 24 
59 20 57 24 
Li 5193056 920.24 12 5193.60 72.22 
57 23 55 23 
56 23 59 23 





Nae a eet See ee oe ne eT Oe fee Ne Oe ee ee Ce EM Me ae elle eae 


Point 





47 


TABLES Zi—-Gontimed 


x ¥ Point x ¥ 
5-1 5673.23 024.24 Gaol, 5673421 176029 
£3 24 22 28 
22 23 21 26 
22 24 22 28 
2 5 625 «26 824 25 2 § 625 28 176029 
29 25 27 28 
26 25 28 29 
—— «BB 25 28 30 
3 5577.37 C24 027 3 5577037 176031 
37 27 3 30 
26 x 29 
37 27 37 cel 
4 5529044 824.32 4 5529.44 176.32 
44 31 a4 32 
45 2 a4 32 
G4 31 43 33 
5 54812046 824.33 5 5451 GG 7716031 
46 32 47 31 
46 32 47 32 
4é 33 47 3 
6 5433244 624 235 6 $433.46 176432 
43 35 45 32 
44 35 45 32 
A4 35 45 32 
7 §385.42 824.36 4 5365 241 17633 
4&2 36 40 ¥ 
41 35 40 34 
Al 36 40 33 
G 5337 «44 24.32 g 5337 41 776232 
43 42 3 

43 é2 

43 32 42 33 
9 5289.50 524.30 9 5289 40 717 %032 
50 x0 4é 33 
49 30 4& 33 
49 30 a& 33 
10 5241.57 824.28 10 5241.56 176033 
57 29 55 33 
$7 26 56 By 
56 29 55 33 
il 5193459 $24.26 1i 5193.5¢ 176.353 
59 25 59 31 
60 25 59 31 
59 26 59 31 


Te 





z 








i 





ee 
par we Es ax Fe” 











4g 


TABLE Al~—Contimed 


Point x Y Point q ¥ 
22 30 23 36 
21 31 22 35 
ei 31 a3 36 
2 5 625 224 720.32 2 5625 425 680.36 
25 30 25 36 
25 mY 25 35 
29 32 25 37 
3 5577 34 726.32 3 5577 «32 650.36 
34 32 32 36 
34 31 32 35 
34 36 32 3f 
4 9529 240 722 230 4 5529.36 60.35 
40 30 39 3 
40 36 33 34 
40 390 39 35 
5 5481 43 728 229 5 5481.42 620.32 
44 eT 42 31 
45 28 42 31 
44 2 42 3e 
4 5433-41 72E 02 6 $433.42 680.30 
41 26 42 30 
40 2g 43 31 
41 28 42 31 
7 5325.37 72.3 q $385 242 0.34 
37 30 42 33 
37 3% 42 34 
3x 30 4i 34 
& 5337 «40 728.32 & 5337 «45 60.33 
49 32 a4 32 
46 31 45 32 
39 31 44 33 
9 5209 047 728.234 5 5289.50 650.36 
47 33 90 36 
47 33 49 36 
4o 34 49 36 
10 9241053 720.435 19 5241.56 G20 .36 
$4 34 56 36 
54 34 55 x 
54 35 55 ¥% 
Li $193.56 728.31 12 5193.56 650.436 
5T 31 55 34 
57 32 56 35 
aT 32 55 34 
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TABLE Ai~Coentimed 


Point xX ¥ Peint 4 Y 
Om}, 5673225 632-36 103, 567333 524.31 
_86 35 33 30 
ie ) 36 33 31 
26 36 33 x 
2 5625.23 632.39 2 § 625.28 584637 
24 39 29 37 
23 39 26 37 
24 39 29 37 
3 -5577628 = «63240 3 H5T7628 584440 
26 Al 29 40 
rae 4O 2 49 
2¢ 41 BE 41 
& 5529 034 632.40 4 5529432 504043 
M4 4 32 42 
34 éO 32 43 
x 41 32 44 
9 $481.39 632.37 5 $402 35 564.41 
% 36 36 43 
39 37 36 41 
36 37 36 42 
6 5433641 632.38 & 5433.38 564.41 
40 x 39 42 
40 ¥ 39 42 
35 39 x 43 
t 55 42 632.40 T 5385.42 584.43 
42 39 42 43 
4a 40 4a 43 
4l 40 42 44 
g 5337 044 632.39 re 5337 46 564.41 
45 x 45 4] 
45 38 45 42 
44 39 45 41 
9 5289.50 632 41 § 5269.48 584 41 
50 41 48 40 
59 4 4& 49 
50 Al 4& 4l 
10 5241 254 632442 10 5241 47 584037 
54 42 48 37 
54 Al 4B 37 
54 4l 46 37 
il 5193-51 632034 ad 5293.41 584.26 
51 4 41 28 
51 34 44. ae 
51 34 42 27 





30 


TABLE Xi—Contimed 





Point x x 
limi 8 8=-«dG7 3046 0=— “4369 
P 46 ig? 
. 45 20 
AG 19 
2 5625 636 536.32 
36 31 

35 

35 32 
3 55171 eM 536.39 
34 3S 
34 33 
34 39 
4 5529 634 $36.43 
34 44 
35 4a 
35 4G 
5 5481.37 536.45 
37 44 
37 45 
37 45 
6 5433240 536.47 
ai 46 
49 47 
49 47 
T 5385.43 536.48 
42 46 
42 4& 
42 4b 
8 5337 45 536443 
43 42 
45 43 
Ag 42 
9 5269.46 536.39 
47 39 
46 39 
47 40 
10 5241.43 535.32 
43 33 
43 33 
44 32 
12 5193.27 536617 
2c 16 
2 16 
2 16 
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TABLE KIT 
GRID 377 PLATE 49, AVERAGE DISTANCES PROM CMNTER IN Mm AP 
— —— 
Point A ¥ Point x Y 
1-1 ~239,99E 240.030 5-1 239 «610 47 «940 
a 1.91 .905 239 e912 2 191. 62 47.930 
3 “143.875 239 0635 - #1432940 47 0945 
4 ~ 95 882 39 OS A - 96.000 47 e970 
y) - 47.928 239 800 5 » 45.015 47 352 
6 06035 239 802 6 0.002 45.012 
7 Al $95 239 alO2 7 48 0925 65 «02 
§ 95.96 239 0815 & 9S 47-972 
9 143.2940 239 845 9 143.949 47.958 
19 192.970 239.928 16 191.80 47.988 
32 240.110 3056 Li 239.830 47 0942 
en] 239.29 191.918 61 ~239.755 - 0.026 
z 39) fae 192.045 2 291.050 -— 9.030 
3 “143.80 192.820 3 “L43.93 =~ 06020 
4 = 95,900 191 615 4 - 96,005 - 06.016 
5 ~ 47.962 191.025 5 - 45,032 - 06.012 
6 0,016 191,845 6 8 
1 47 «960 191.042 T 46 040 0.012 
8 GS e932 391 o& 35 § 96.008 val 0.002 
9 143.695 191.835 9 143.955 0.005 
19 191.8 192.880 10 191.868 0.005 
12 239 966 191,948 il 239-032 = 0.610 
3-1 ~239 635 me wy Ta 239.79 == 474.990 
2 “L91.630 8=— 143.8 e “291.840 80 = 46.005 
3 “143.870 et 3 “243.925 — 40.015 
4 ~ 95.9% 1430695 4 =~ 95,976 = 46.025 
yi) ~ 47.965 143.2915 5 ~ 40,012 ~ 48.052 
6 0.062 143.935 6 6.008 = 46.055 
t 47 99 2436935 7 GE .035 ~ 48.030 
& 948 =: 4.434900 & 96.020 ~ 48.040 
9 143.900 143.678 9 1432940 =~ 48.015 
10 191.852 143.872 10 191.682 ~- 47.995 
Au), 239 802 ° Sa “239.615 — 95.955 
2 ~1951 eee 956 282 2 ~2 92 3 - 95.955 
3 “1432960 95 902 3 “143.902 = 95.5975 
4A - 95.9 95 @ 940 4 ad $5 962 ~ 5. 
) ~ 47.988 55 948 5 ~ 4T rit 96,0 
7 46 015 a heb q 45.020 = 96,002 
§ 5 o ME 95-6 g 95-985 ~ 95.995 
9 143.935 95.920 9 1430932 =~ 95.958 
10 191 .£ 62 95 2908 10 291,88 = 95.938 
1} 239.862 95 .900 12 239.666 =~ 95.962 








a, ee oor PT ae 














2 


PATLE XT I—Fontinued 


Point 


Point x Y 

Gand “239-032 +243.935 lM-1 
2 “191.6820 143.908 2 
3 “L436675 143.902 3 
4 =~ 950922 243-910 4 
5 ail 47 0916 ~143.948 5 
6 0.020 ++243.950 6 
7 46.002 143.922 7 
§ 956962 143.930 & 
9 143.918 143.908 5 
46 191.670 866+443..902 10 
al 2396898 143.952 22 

10-2 0 =239.892 ~191.985 

c “192.665  +391.920 

3 ~L43.876 -2591.996 

4 - §6.905 -191.872 

5 al 47 0950 1.92. 2905 

6 0.036 -191.895 

7 46.005 +-191.€70 

& 965 = #1 9, B90 

9 143.920 291.895 

20 291.902  -2191.926 

a1 2402000 «192.005 





o 


A 


240 6940 
~iLG1 e920 
“143.888 
al 95 oe 
~ &7 935 
0.035 
48.010 
95.905 
1432975 
192,010 
240 0152 


¥ 





~240 03.06 
~239 885 


~239 E42 


239 842 
~239 830 
~239 818 
~239 876 
~239 «900 
“239.962 
240.130 
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TABLE ATIT 
GRID 378 PLATE 49, AVESRAGR DISTANCES FROM CRIETER IN Mil at 
MODEL, SCALA 
BN os Ae a ac i arte eis ee ap aha ie lite he Aiea ar ie aid 
Polat & t Point FA 4 
i~-] “240.012 240-012 SL 239.805 47 6938 
2 ~291.912 239.908 2 ~L92 0 AT 0939 
3 “L4E,872 239.842 2 #4436935 47 «949 
& - g5 eB 235 02 d - 96,002 47 0965 
) - 476935 839.792 5 ~~ $8 028 AT 980 
§ 9.028 239.795 6 =~ 0,.01¢ 48,010 
7 47.975 239.005 7 4% £010 4& .O12 
G 8945 8=62 39 820 & 95 a9 9S 47972 
9 143.925 239.652 g 1432635 47.962 
10 191.979 239.945 16 191.655 47 a956 
12 BAD.» 246 O52 il 239 820 A7 2955 
g=), 2 35 6900 192 29235 Ewe, ~239.782 = 0,025 
Z ~191,866 161,642 z “i91.045 — 0.032 
3 ~243.875 191.622 2 343.932 ~~ 0,022 
4 ” 95 G22 492 aOl5 {i — 96.000 ~ 0.622 
i) ~ 47.972 191.622 % - 45.035 = 0,026 
6 » § e002 L931 2842 6 i Q 
1 47.965 191.848 7 48 2835 G,010 
& 95.925 191.832 8 96.035 = 0.028 
9 143.822 192.545 g 343.945 0.005 
10 191.876 192.685 0 LG 0G 6 0.910 
i1 239.965 191.950 12 239 832 Q 
3-1 239.045 143.908 T-1 “239 e782 — AT ye 
2 «392 .& 143.662 a “1.92 » 30 = 4B. nl 
3 ~L430680 1434855 3 “143.920 ~ 48,022 
4 =~ 95.935 143.095 & ~ 95.900 =- 48.028 
5 ~ 470975 1432915 5 = 42,020 = 48.052 
6 ~ 0.005 143.92 6 0.020 — 48.045 
T 470976 143.930 7 46.035 - 48.038 
§ 95 0948 143 0905 8 36.022 = Ae 0042 
16 291.840 143.895 10 L52 2 92 =~ 47.985 
11 239.675 1434945 pes 239.052 = 472995 
<1 2390615 95 O95 Cw} “2390810 = 95.955 
2 ~1921 6625 95 wlB9 2 “LIL &25 = 95.952 
3 ~14 3.695 95 & 905 3 “£43900 ~ HH e9TO 
4 - 95.962 95 0935 4 ~ 95-960 = 95.992 
3 ~ 47.99% 95-945 5 ~ 35 ~ 96.030 
7 48.008 95.975 1 48.012 ~ 96.000 
8 $5 «978 95 «945 g 95905 = 95.900 
9 143.920 95 «928 9 niet - 95.945 
a9 192 6552 95.912 1c 19LTO = 95.922 














K 


z 


a4 


CARL? Alil~-—Contimed 


Point 





2 ~L91.822 143.900 2 ~L91.915 239.962 
3 143.875 143.912 3 #8422890 9=239.098 
4 = 95 2920 3.432910 4 > $5..900 ~239 642 
) ~ 47.962 ~—243.948 3 ~ 8710930 +239 
é - 0,008 ~1435.942 6 0.035 239.628 
b 95.970 1434930 § 95.990 ~239.872 
$ £43919 143.910 % 243.975 239 905 
Lo 291.878 143.890 10 192.020 «239.975 
il 2390895 38--143.9% 13 2400155 240.145 
10-2 = 239-895 489 191.878 
é “291 E55 = 91.2935 
3 243.86) 191.890 
& - 95.900 ~191..072 
5 ~ AT 2950 “L951. 2900 
& 0.025 «9, 53 FO 
q 468,000 191.872 
g 95.965 =-191. 
9 143.926 192 
10 an ~191 696 
a2 2406 “192 6992 
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TABLES XIV 
GRID 377 PLATS 50, AVERAGE DISTARCSS YROU CERTM Iv Mi AT 
KODEL SCALE 
SMT ae aay a. Noe ns Me Nae EoD ees me ee RR le te ee rcra se ee ENN eR 
Point rs Y Poins a x 
Lal “239.965 240.022 5} 239.990 
2 <=291.890 239.920 2  #I91.840 
3 “LAYEG 239.846 3 -143.922 
4 ha 85 B76 239 12 4 -_ 95 9 
5 = Afe92E 2397 5 ~ 45.012 
é 0.035 239. 6 0.005 
7 48.002 239.8 7 45 e040 
& 95.962 239.822 E 56,002 
9 143092 «= 239 2908 § 1432950 
10 955 239.972 26 191.665 
21 240.122 240.065 13 2392852 
? “291.635 191.858 2 191.40 
4 = 95 868 192 895 4 - 96,000 
5 i 47.928 191. e 5 ” 4& O38 
6 0.020 191.86 6 0 
7 47.990 192.855 7 45 O42 
& 950950 8191.03 8 96,022 
9 143-908 191.838 9 143.958 
10 191 .908 191.8 16 192.892 
42 239-990 191.925 ii 2392850 
Bak 239.822 143.905 Ti 239.78 
2 “192.820 143.855 e ~191 S20 
3 “L4308@ 143.870 3 1432910 
4 ~ 95.930 143.906 é, ~ 95-915 
5 ~ 476962 143.918 5 ~~ 47 0995 
6 0.010 143.935 6 6.028 
7 472995 1436 i 48 072 
& 95-9D 143.910 é 96.035 
9 143.908 143,08 5 143975 
10 1936862 143.875 10 191.900 
11 239.900 143.976 lt 239.875 
hm} 2394705 95 e905 Sek, “2390010 ~ 95.946 
3 ~243.E80 95 0925 3 ~143.906 - 95 948 
4 = 95 0990 95 955 4 = 952962 ~ 95.970 
) ~ 47.978 95 975 5 ~ 47099 - 96,018 
& 0.020 95 0990 6 O,002 = 96.020 
T 48.020 95685 7 42 015 = 950992 
& 956 95.942 & $5 968 _ 96,002 
9 143.938 95 930 3 143.945 — 95.96 
19 192.875 992202 id 191.082 =~ 95.952 
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TABLE 71 Vo-—Conti med 








Point K x Point a 7 
Jeol 2390630 143.932 iLi-} ~240 042 =240 .090 
3 ~143.& ~143.900 3 “14340890 239.908 
4 ~ 9.922 -143.908 4 - HF ~239 4832 
y) ~- 47 095% ~143.950 ) = 47 «945 “259 «G2 
6 O.028 143.945 6 0.030 239.035 
{ 46.028 «243.915 7 42.012 239.828 
§ 95.982 143.930 o G56 “239872 
9 143.949 -243.900 ] 143-972 ~239-910 
19 192.695 ~243.905 LO 492.002 239.926 
ce § 2390920 8 143.995 iz 2402255 «240.152 
10=1 ~238.692 =191.960 
3 143.860 ~291.895 
4 al 95 2088 151 eG 65 
5 - 47 0930 ~1 91 eFOO 
6 0.0328 -291.900 
7 ray e019 “151 2885 
& 954975 191. 
9 243.952 “191.929 
10 1910955 191.940 
Li 249 e022 ~LS2 G25 
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TAELE ZV 
GRID 376 PLATE 50, AVERAGES DISTANCE? PROM CENTER? IN EM at 
— a 
Potnt K T Point % 7 
L=i «239.978 239.970 51 2396772 47-918 
2  =191.895 239.682 2 292.630 47.930 
3 “243.070 239.610 3 “143.929 47 0948 
4 ~ 95.690 239.706 4 =~ 050990 = AT SHO 
> -~ 47.9% 239.775 5 ~ 46.068 0005 
§ 0.020 239.795 & 64026 48 4030 
q 47.9383 =: 239.795 7 AE 4035 2032 
& 95.2940 39 0805 § 96.020 46 .000 
9 243.925 239.045 9 143.956 4&7 G80 
10 191.960 239,912 10 192 885 AT 965 
ii 240.092 246.045 12 239.28 AT 0935 
ew] 239.860 191.890 Gn) 239,762 ~ 0.638 
2 “191.826 193.822 2 ~191.625 - 0,930 
3 “143.842 191.812 3 “343.922 ~ 0,036 
4 ~ 06,892 191,832 4 ~ 95.985 0 2002 
5 - 47-940 192.836 5 ~ 48.020 ~- 0.010 
6 0.020 191.858 6 ts) 'e] 
7 47.975 191.650 7 42 .050 0.015 
§ 195.940 191.835 3 96.036 ar 
9 1430095 191.035 G 143.972 6.608 
10 191.900 191.865 LO 191 .E9& 0.008 
13 239 0975 191925 42 2392665 - 9.010 
ey “191.805 143.846 2 “191 .f ~ 4.012 
3 “143.855 143.860 3 ~143.868 - 48,012 
4 = 95 922 143.508 4 a 95 2948 aaa 48 .026 
5 all 47.962 143.92e 5 al 47 oS ” 4& 4640 
7 47 oe 143.948 7 48.075 ~ 48.020 
g 95. 143.918 g 96.055 ~ 48.010 
9 1432902 1430699 9 143.900 ~ 47695 
210 291.858 143.87 16 192.915 - 47.975 
123 239 e885 143.912 ii 239 ebe5 - 48 .005 
hed ~239.7715 95 880 Bah pe ~ 95.2965 
2 ~191 802 95 26 2 “L931. baad 95.96 
4 = 956940 $5 962 4 = 956935 ~ 95.972 
5 ~ 47.972 95 o9E5 > ~ 47.98 = 96.005 
6 0.020 96.008 6 6.0 30 > 0915 
q 46 .020 $6,005 ' 46.035 =~ 95.982 
8 95.998 95 2962 96,008 = 95.995 
9 143.2945 95.0942 9 woe ~ 95.90 
10 192.875 $5 2920 20 191-698 - 95.940 
11 239-66 95.905 13 390898 ~ 95.972 


) 
-t Lowonnrnest octapedsll Sauctneddttll 








een SOR FS BEM (ROR AS GD 











TASLE 2£¥——Tontimed 


Point x > 4 Point x . 
Gel ~239.002 143.962 ll ~24O e005 -246.122 
2 “191.782 «243.930 2 ~292..902 «240,002 
3 “lU4308 30 = “1.4391 3 “243.808 «239.930 
4 95,888 143.92 4 =~ 95.892 ~239.082 
5 ~ 47.932 143.952 3 -~ £7918 239.672 
7 48.035 ~143.922 7 40.030 ~239.640 
8 96.00  <-143.935 & 960010 ~239.695 
9 143.952 143.920 S 143-988 239.926 
10 191.9132 ~143,910 iS 192.020 239.995 
11 239-942 3 8=— 18 43 980 ii 240.175 ~240.1 
10—2 —239.876 192.012 
2 “191.832  <-1912.950 
3 “143.6% ~191.912 
5 ~ 47.905 191.908 
6 0.065 ~<191.900 
7 48.035 «191,263 
& 6.000 —292.92%0 
§ 343.972 ~191.915 
10 192 0975 ~191 0950 
11 240.040 192.048 
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TABLE AVI 


GRID 377 PLATS 49, DISTORTION IN MICRONS AT MODEL SCALE 






P mae prt. nin ehatievteiten di utnsttandtetvesiees Cabdpetee oteeenndhaieaaas! 





Yoist Radial Tang. Point Feadisl Tange Point Redial Tang. 





i-] 48) 23 he] “9 £2 9=-], « 9] 20 
2 mL A 18 @ “452 —35 ° 393 —36 
3 a ate) 22 3 - 74 33 3 “356 =<19 
4 225 37 4 ~135 -27 & “L136 «25 
5 wiht 30 5 - 2B 23 5 ~ 55 23 
6 “192 35 6 12 2 6 ~ 506 =<} 
7 “LEG 32 7 19 17 7 -73 86 
8 LEG 31 & ~ 13 25 § ~ 8 <6 
9 “189 43 9 ~ 70 ed g 123 «7 

id ~ 74 22 10 = A8 1% 10 162 .*) 
321 *i1é 37 il ~175 a4 LL ~Lil 12 

2m]. ~136 * tm], 212 20 10-3 - 94 56 
é —20f ~li 2 “LO «30 a “152 «39 
3 a9 3 ~ G@ wt 3 ~—366 ~35 
4 261 55 4 5 «3S 4 “157 +26 
5 ~“176 - 6 5 ~ 32 12 5 “LOT =-3 
6 =155 10 6 0 a) 6 -“105 =—320 
7 mh 58 13 7 45 #12 7 125 «2S 
& “17S 13 8 » § + & “16 <1? 
9 135 15 9 « AD 9 “a2; -5 

i6 ~1 64 6 16 oi) 32 1s 19 #325 12 
a2 ~ 5& 21 il ~1& 10 il 4 4 
3=3 ~i07 6 qu] “L399 #30 ii} i057 
z -219 -§& 2 353  =44 2 - 73 
3 i088 -4 3 ~ 6 «38 3 ~i56 —37 
é “a272 «<7 4 ~ & =33 4 =183 ~33 
5 ~ 76 7 5 46 <8 5 -—7 =39 
6 ~ 65 2 6 55 «3 6 “170 35 
T - 65 iL T 46 -A i “376 
B ~lL2 12 a 36 27 § ~11G 32 
9 155 25 9 33 26 9 -~ 9 =~ 
20 =i 95 13 10 ~13,5 24 10 4 15 
Li ~L4i 18 12 £46 35 Li ps =15 
4~] 219 «iS Eien, <0; ~~ L7 
2 “22 <26 2 “172 ~36 
é -7. =)4 4 -~ 3 283 
) ~ 52 12 5 ey a9 
6 ~ BS a5 6 38 
7 ~ 27 25 ? 10 «+26 
8 andl 5 17 & - 12 6 
y = 95 % 9 ~ 19 3 
30 o~ JS 66 16 ~L46 26 
22 “166 42 il ~44 24 
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TASLE XAVIT 
GRID 378 FLATS 49, DISTORTION TH MICRONS af MODEL SCALB 





Point RBeginl Tang. Toint Radial Tange 


Te or te" 


Point Radiel Tenge 














Led 17 9) 51 “203 923 ue] -193 =24 
2 “127 12 > “153 =35 2 202 ~27 
3 “197. 22 3 ~ 16 «3h 3 “150 26 
4 ~223 26 4 ~14 #33 A “119 -37 
5 ~217 23 5 5 32 5 -~@ —3 
é 205 & é 2 lo é - 58 a 
7 ~156 14 7 2 «| 7 - 6 =26 
& ~LE7 1S & ~ 14 ae) & -~ 75 «14 
9 ~] Gd 14 y “L he 3 “1.28 0 

10 - G2 12 1 151 6 10 ~164 <5 
11 413 25 13 “L774 e 12 ~122 3 

Gel “130 -4 G~]. -21% «25 10. = 96 
2 “204 19 @ “152 «32 2 -162 42 
3 “217 4-8 3 ~@ «22 3 ls? Oo 
4 “200 23 4 ® ~82 4 +196 ~32 
5 “W800 = 16 % 3% 86+ 5 109 =24 
6 ~158 ~ 2 é 0 a) S “100 =~P5 
7 #156 4 7 i 7 134 <=32 
8 63 e 8 3 & «113 «18 
$ “195 *8 g -35 9 9 “L322 =L0 

10 1G = § 10 332 16 10 46-132 «212 
12 ~~ 59 a7 il of & 0 12 ~ § «10 

3-2 -180 2 q-1 215 «32 Ll-2 102 «44 
2 “212 13 2 362 =«6 2 83 43 
3 “87 2 =O 3 ~ § WG 3 144 “2 
4 “LOD 2 4 -i2 32 4 “<4 =-34 
5 ~ 89 - 4 5 320 wh 5 —L72 =37 
6 -7 5 6 45 <0 6 «72 =35 
7 —T4 2 T 1 2 7 “175 <7 
g ~1,08 9 8 ~*~ 2 8 <-—123 <-% 
9 ~LGL 2 7) o 25 L2 9 ~ 594 ~27 

10 “190 «13 19 “167 815 10 - & 32 
12 “136 ~12 13 “125 2 12 a2 =7 

Awl —212 «28 Ga} = ta) 8 
va ~211 ~* a “77 = =36 
3 “140 «20 3 UO = 
4 = 72 2 4 ~~ HH “23 
5 ~50 =23 5 2G #26 
6 ~ 30 re) 6 3% 86-80 
7 ~20 18 7 6 = 
g ~ 55 nA, a ~ 16 2 
9 -104 29 9 »~8 «-8 

10 “172 12 10 “252 <12 
12 16 Ll? ia “50 = 3 
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TABLE XAVIIT 
GRID S77 PLATE 56, DISTORTION LN MICRONS AT MODEL OCALE 


RINE ES LEE LL EE LEY AMEE I I ELL DELEL EE CLLEGE LEED LLL! AEE LL NEELGLE DALLES SENT LE SEITE OSD 


Foint RatlalL Tasige Point Hadial Tang. Teint Eadial Tang. 


§ 





1-1 - 3 Gd yoy ~Zi5 = end, “180 «30 
? 1 32 36 2 ~ZL7O «BO 2 “195 ~32 
3 “199. 35 3 -~65 ~i3 3 “l7l <0 
4 223 ae 4 - 9 10 4 “126 «22 
5 213 36 5 - 40 24 5 - G 87 
4S “195 35 6 25 5 ~ 55 «28 
1 ~1,39 30 7 “4 12 T - 72 53 
3 «L659 31 & - 7 19 é -~ @ ~=24 
9 “107 & 9 ~ 23 9 ~lL07 =23 

19 76 ~ 7 10 mL 2h eas 10 ~—~42 «#13 
Al 132 40 43 157 32 li ~ 9] 4 

Zoo) ~Ld2 14 be], “205 «5 10=1 ~ 96 = 52 
2 214 12 2 16 ~j 2 ~263 43 
y $22 2? 3 ~77  ~10 3 R68 56 
4 #144 a3 4 ¢ 8 4 7) ~0 
> 155 33 5 3 5 5 “113 ~i4 
§ #] 32 20 6 0 0 § “360 —36 
7 “143 26 7 42 «= 7 “1.09 3] 
8 ~) 67 26 8 oD 10 § - 9 «22 
9 -172 40 5 ~ 42 15 9 “100 <—<16 

10 “145 A2 10 i 08 10 10 ~ TA hd 
11 o 55 52 Li a a) 20 1) 34 7 

3~1 200 10 Tok ie St Mad Li-] 94 86033 
2 ~2 31 ~ 7 © LEG 3 2 ~ 78 «30 
3 «1.90 8 3 ~ Go fd 3 “1427 53 
4 “116 6 4 ~i2 -~30 4 217 <4 
5 am 95 39 5 25 =—34 5 ~X.66 24 
6 ~ 65 18 6 % 8 =a 6 iG —% 
T “Ls 0 7 £2 4G 7 “166 6 
B - 97 17 & €6 12 § ~123 ~36 
9 wid 37 9 ~ 22 13 9 - 91 =<82 

10 el SG 16 10 ne QT 23 10 ~ 56 ib 

11 ~ 97 —33 Li ~L20 34 12 ant = 3 
rvs “139 an] {i mi], ~~ el 
? «PRD ~ 7 2 ~—Z01 <2 
3 ~L49 5 3 205 = B 
& ~ 6 4 ~ 4 = G 
? = 32 9 5 14 «9 
& - 10 ao 6 20 -@ 
7 - § 25 7 oO =e 
6 ~ 56 16 § - 6 © 
9 - 90 14 3 ~ & 2 
Mo wl, ©) 3 26 19 “126 1c 
i “L72 30 11 ~}1a 22 


PO Site. caaeldmanaipagaalled PILE gp 
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TABLE ATA 
GRID 376 PLATE 90, DISTORTION IN MICRONS AT MODEL SCALE 
A 
Point Rediel Tang. Point Fadial Tange Point Radial Tang. 
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TABLE AS 


PLATZ 49, AVERAGE DISTORTION IN MICRONS AT PHOTO SCALE 
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PLATE 50, AVERAGE DISTORTION IN MICRONS AT PEOLC SCALE 
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PLATE 50, CORRECTED TANOMNTIAL 


SABLE XXII 
PLATS 49, CORRSOTED TANGENTIAL 
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CONSTRUCTION OF COORDIBATS WREOR CURVES 


Uaing the metrogon serrestion plate curve, as specified 
for emeotrugtion, as the reference, the curves of elevation error 
were computed and tabulated in Table Vil. Using these values and 
the equations for py, di" and ec, Gerived in Chapter II, values 
were computed for points in the model sufficient te construct 
exrrer gurves,. Lens 13 is the worst cf the 25 lenaes in point of 
view of resultant elevation errere and lens 16 the best. Tabio 
ZATV contains thees commtations which were done for the upper 
half of the model only due to the symmetry about the X axis. 
Figures 12 through 26 are the constructed curves. These curves 
are computed on the bagis of an agsumed elevation of 4,000 meters 
above the terrain just as all examples throughout the thesis have 
deon. 

in order to provide a mora realistic pioture of the an~- 
tisipated errors, the elements cf osthemetical relative orientation 
wore computed fer se dependent pair orientation precedure using the 
fellowinge formulae: 

af, « Reab\P, - Py ~ Ps # Rg) 

day = RERI“Ary ~ 2p 1 93 Fg Hs FOG 


tut, = S22B(P, - Do f Ds ~ By F Ps ~ BG) 


dbs, . $e P6 a P,) 
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Wheres quantities are in centesinal sinntes and mm. 
p> = nearalles at given point in model 
h w projector te model distance 
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These cloments wore then introdaeed into the following 


equation to solve for the change in G29 the elevation error of 


the right projeetor, cansod hy relative orientations 
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As can be seen from the above table of elements of 


orientation, all cloments except ag. 


asd K58, are zero due to the 


syumetry of the parallax resulting frem the sodel composed of two 


vertisal photoes. The abit, element is retained in the computations 


even though F+ could be corrected for in the absolute orientation, 


as it causes a straight line tiit of the sodel about the Y axis as 


shown below: 


i enn 
.. ” 


( 
| 
¥ 


The h*/b part of the a, coefficient 


ie a constant elevation 


change, this could be oompensated in abaclute crientation, and 


the (X-b)*/o 19 the veriable a8 shown below: 
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The abeolute crientation will be carried out using three points 
as near as possible to the sointse aircled in tae above diagram 
in order to compensate in the absachute orientation, as near as 
poseible, for the error in af, brought about by parallex caused 
by uncompensated distortion in the camera lens. Aleo this scheme 
of points will avoid corresting for any error in dW 2 caused by 
distortion parallax, as can be seen from the following diagram 
of elevation error caused by a@),: 
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13 
The effect of the warping caused by a af, error can be seen in 
Pigures 27 through 29. The elevation orrore along the X~axie 
form a curve with a definite change of slope as can be seen in a 
diagram of the theoretical situation. 
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Line representing result 
ef levelling in absolute 
orlentation to compensate 
for Of. error. 

A® an indication of the effect of the approximation ef 4%, in 
absolute orientation, the magnitude of 4, the maxisum point of 


eeperation, is compated for each of the three lenses: 





A at ground scalis ayror a8 a fraction 
~ 04050 189000 
us 0-084 1247600 


Keagurement of cross-section grapha through the X-axis of Figures 
27 through 29 yields values of A greater than in the above tabrle 
wat approximately equal to A plua the result of abg, at that point. 
As can be geen from the above table of values, this approximation, 
in all bat the worst lenses, will avt introduce errers anywhere 
near the errors caused by the uncompensated distortion. Meagure- 
ment of a cross-section through the A-exis of Pigire 32, the eleve-~ 
tion errore of the actual photegrephy, yielded this curve with a 
value for 4 of epproximately twice thet found fer lens 16. 
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The computations cf ch appear in Table EXVI. The curves 
of the resultant errors appear in Figures 21 through 29. After 
this false orientation, which has deatroyed the true spatisl re~- 
lationship, the errors depicted in Fagres 21 through 29 would 
represent, approximately, what would be cbserved in models formed 
with these lenses, except that the modei formed with lens 13 would 
require extensive adjustment to cerrest the large ameunt of 
y~parallax present. The average lens is probably representative 
of most metrogen lenses. 

As a oomparieon of the data plotted in Pigures 12 through 
20 and Figures 21 through 29, the following teble of maximum errersa 
is presented, in which the errors aro atated as fractional parts of 
the aircraft elevation: 


Elevation k~direstion 


True spatiel model Fig. 12~20 


Lens 13 181300 136000 

Average lens 125900 1327000 

Longs 16 1°¢20000 1265009 
Oriented model Fig. 21-29 

Lens 13 12400 124000 

Average Lens 132670 122 G00 

Lens 18 L:1BH0O 1320000 


She best elevation ascuracy attainable would be approxi~ 
mately three halves that of a second order plotter and one half 
that in a firet order instrument. The relative acouracy ef using 
the above metrogon photography in ea first order instrument to that 
in a second order instrument would he approximately 


42.5" + 3° t ¥2.5* + * er 1,86:1. 
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Por comparison purposes, one stereo model was cheerved and 
errora computed in Table XXVIII. The qurves of these errors are 
plotted in Figures 30 through 32. The photegraphy was taken by 
the U. 5. Const and Geodetic Survey with a metrogon lens canera 
of focal length 152.37 mm at a stated sltitude of 13750 feet over 
the MoClure, Chic, photogrammetric test area. Ths cbhservations 
were wade in the Jild Autograph AT. Helative orientation was coen- 
pleted in the normal manner using 6 pointe. Absolute orientation 
was completed uging 3 points ae previeusly discussed to miniaise 
the effect thet a warped model, caused by # or © errors, would 
have upon the absolute orientation. 

Model seale was selected ae 1510,000 in order to previde 
a desirable position of the medel in 2 solve height. Model 
senling was performed using the following set cof equations: 


as,* e So, * . s,* 4 
A&,* = 5o,* - S* va j 
rt =) |. 
AS," S0,* 8, { 
£o* = observed distance at L ' a 
model scale | 
S* «= given distence at 4 a 
model seale <i | 


As, * 45,* 
q: = ~a # é $ Ss : 3 >. ; 
% HO, % e} a rw ~ » o i 
a = 1/3(a, 4 a # 4,) 
te os ba, - qbx, 
by = by, ~ aby, 
va es da, - Qbz,, 
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Medel levelling wes completed as follows: 


AE, = Az, # Xan, - an) 
AR, = a8, ¢ SAE, - AZ,) 


GO) © 4n,* At, 


A=3 | 





Upon completion of crientation, final observations were made on 
the above 3 pointe end the following determined: 
Actual model scale: 1:9999.12. 


Rotation of model necessary te giien model with 
given oocorginate syetem: A el” 42° 5276. 


Upon completion of observation of all siven points in the medel, 
the obeerved quantities of X and Y were corrected using the fol- 
lewing equations, in which = is the scale factors 

X' = mK cos A f my sin A 

Y* «o mY cos A = mK sin A. 
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“2.54 2.6 Le14 23.46 Oo138 ~0.82 1.86 
0255 ~2,.6 3023 64.6 0.041 ~~ 0h.5 Oe47 
mi), ~2 68 2055 49,3 =) 544 3031 0.6 
~2. = 3-26 0-60 Te 0.079 =~ ,49 me » 
“1,254 ~3.20 4.74 25.7 ei05 1, 54 ~Lel4 
0.55 3.26 3283 55.8 (e392 =f h0 Lel2 
3.28 ~313 O15 - 0,8 ~9 021 +0 409 ~3,22 
2. ~3e13 O45 408 O.044 235 ~2 78 
“1254 3.13 1.59 1509 ~.005 1. «1,53 
0.55 313 306 28.7 “0.747 ho G7 4054 
~2.6 =e ob4 0 ol 6 6.0 fe O12 ~() ei 3 a2 efi 
“1.54 2.54 1.36 59 ~O.065 ell -1243 
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TABLE RXTV-—Jontimed 





Lens Lé 














e e, ®,~, py ax" fax"/x 
(m) (m) (m) (miexons)  (m) (a) = (m) 
0.56 9) 0.56 ee ~) 028 0.04 ~0.04 
0.56 6.20 G.76 Ze9 6.054 0.10 <(.10 
0.33 ¢) Ge33 2.6 0.067 O.09 0.09 
6233 0 O33 303 ~4} .001 *) 0 
0033 0.20 0253 Ael Gs052 ~O.12 -G.09 
6.33 0.20 0.53 2eT O.074 0.22 G00] 

“0.20 0 4) 620 ~ 2,9 0.929 0:03 0.03 
oh) g 20 0 ~~. 20 = 3.0 «3 «012 0,02 O02 
oh) g BO =). 20 9 g © 0 229 
“49,20 =) 415 ~9 05 heal 0.9 0.0272 «<) eO] QJ old 
43,20 0 =}, 20 hal 200 — ,903 ¢ 0 
nf} 20 Q ~~} 42D — 346 wh} G24 0.06 06 
¢) 624 02h 509 ~0 042 6.06 0.30 
4) O2i5 0.215 det =) .006 G01 A316 
6 0 © 
0 15 0215 44 0.014 0.03 0.12 
435 © of 15 - 4A ) 914 %.1i2 -0.12 
0 0 9) 0 0 
of) oL5 9 A} 45 aa ae 0.006 0.16 16 
oo} 24 ] —). 24 = 509 0.942 0.30 ~Q, 30 
0 9.20 0.20 of 01924 ~0.24 0.06 
0 a) 20 0220 oO 6.903 0.21 6.01 
G15 0.20 0295 069 ©,912 -0.01 -0.13 
O.20 0.26 0 0 2) ~).20 
~~ .20 0.20 308 0.012 ~©.18 0.02 
0 ~).20 0,20 209 0.920 0.22 0.02 
~~), 20 0.33 3.53 - Set = O74 9.33 0 
20 9.33 53 = hel 052 C.42 =) 209 
0 6.33 ~ 33 aad 3.3 0,001 0232 0.01 
'#) 0.33 “0433 — 2.6 0.067 0.42 = 09 
of) 20 0.56 “3476 = 269 ~~ .054 0,66 -4),19 
0 0656 £3256 — 265 0.026 0.41 ~0 05 








8D 
TABLE ARI V-—cantimed 











oh 954 ~) 02 wo) 52 ail Zoli 026 od) 004 0.02 
“O.54 0.55 0.02 G 0.002 0 49 055 
wt} Me2l 65 - 6.6 0.173 4.23 6250 
0.56 0.02 0.56 ~ 5.6 0.002 ~) 02 
wl). 58 ~f} 4 $5 =} C3 - Oe3 of} OO 3 +9 .G2 wf) 56 
~O. . 0.22 Lel 6.031 0.06 0.72 
=f} 0.27 ~) 07 “1526 6.110 A616 O43 
wf} Rare) ok} 202 ~O 78 12 o5 =} O47 + 099 =O ell 
~f) .80 55 A}. 25 ad 302 of) O33 #0 06 -£),63 
255 ~0.12 0 6&3 - &03 0.992, 0.12 0 
0 255 6.27 9.82 “Lied wf} gOLO 40 D2 0.24 
455 A) 02 $9.53 wh Od wf) 0 64 40015 217 
wh) 02 432 6.30 Te3 of) 2053 40207 whe 39 
6.02 0.12 0210 205 —.004 40.01 -<©.13 
~0 02 0.27 0) 29 - del =) O31 20.97 0.20 
Oo27 0.12 0.39 11.6 5.036 0.06 0.04 
Oc27 ~0.02 929 ae7 6.932 Oe22 0020 
O.i2 9.62 “3210 - 265 0.004 40.12 -0013 
whe 32 nf) 02 e030 > Te3 6.953 #0637 O.39 
02 9.55 0055 LO od C.064 0.8 -0.17 
O.27 0.55 0,82 3604 6.0130 -0.77 O22 
O.i2 0.55 0243 § a2 —H.091 0255 90 
“9455 0.00 0025 3e2 0.032 -0.17 ~<0.63 
02 0,50 O72 11.05 G0047 0.69 0.12 
G.27 +0.60 1.07 15.6 “el19 ~2e23 Oe63 
we 0 58 eee ite Led «f) .031 40 el4 272 
9.55 0.56 0.03 O43 0.003 0.02 -0.56 
$.02 ,58 0.56 50% 6,002 0.8 0.03 
O27 f} 658 0085 646 L713 ~], Of 0259 
6.55 860254 og OL G 1.002 40.02 0.55 


0.02 0.54 0.52 2 of 026 0.56 6.02 








“jLeure 
YParallax in microns 
Stereo model formed with Lens #13 








Figure l- 


Y-Parallax in microns 
tereo model formed with Avcrarea Lens 














Lewre ) 
a > U S 


X-Girection errors in centimeters 
Stereo model formed with Lens 4172 








Kedgirection errorewin centimevers 
Stereo inoael formed witn Average Lens 








A-Girection errors in centimeters 
Stereo model formed with Lens 418 





Figure 





slevation errors in meters 
Stereo model formed with Lens #13 








“Sire tO 


Slevation errors in meters 
Stereo model formed with Averare Lens 








slevation errors in ‘neters 
stereo model formed with Lens 41%& 








255 016 
297 875 


139.461 
139.206 
80.546 


114. yrs} 
133.637 
90 400 
46 b24 
11€ .342 
T7 0 750 


539 027 
552 086 


364.472 
333217 
336 0551 
307.013 
404 6554 
3490456 





“Lal 659 
~1, .6053 


11947 
2k o2341 
“0.9387 
7 GL5 








spe ddedueddecdedies 
is 





| ORES icASHRe 








a 


TAELT LiV=—Joantimuad 





Lens 13 Ave.eLenm Lene 16 Lene 13 Ave.Lens Lens 18 


ah adh ah (2 5 2 


«LF .00 1.22 2005 16.46 ~~) ead ~2 o()5 
= 5 o&0 1.07 2 280 i3 oba =], ° 62 ~e 206 
20) 019 Le 37 20%) 19.64 ~~}, ei0 2 630 
~L7 o23 Lel7 1.96 15 of 3.19 o~]} 096 
“15 eh? 2 02 i ala 12 044 =i 57 =~} 32 
~13,64 0.92 1055 10.36 oe], oi2 ~} of5 
16 .0 1.27 2eh4 16.25 “1.00 “2014 
~16.02 i 208 i eG2 2.4 o48 “1210 ~), o2 
“Ld 20S @) 095 1.6 qt eff =} 250 ~j £0 
20.22 1.37 23h BW2L9 “149 ~2.46 
16694 L625 Le93 16039 bh ~1 93 
“14.46 0.98 1.6 12.92 «} »GO ~} 065 
~19,82 1.34 2226 19,63 “1466 m? 259 
“17.52 1.21 2203 L7si3 1233 ~2 18 
«14 030 i Ol i iG 14 035 “9.74 ~~] 079 
#15 @ 26 % 003 2074 15 ai? on] eL5 on} 289 
“15.72 0.73 Leae 19-47 46 ~1.22 
~19 295 0074 1.25 ek ~) 276 oj 45) 
al 9.48 264 1,62 Todt 66 —j 208 
» 8,85 9. 2002 734 «82 ~1 201 
o~Li 025 0.76 3626 8457 ~j615 ~] 248 
- 9,54 9.67 Lel2 7036 ~le22 1.32 
= 8.72 0.59 0.99 6.04 ~L eld =] ol$ 
33.53 0.78 Leah 6 e825 3 58 96 
“10.30 0.70 Lol7 7 Pty o~}, Pe 9) ~] +37 
= 9,14 0462 1.04 % eG =}, 042 ~j 22d 
17. £8 6,60 1.35 6575 ~j} oe 1.02 
~10,.81 O73 1ee3 768 “1.31 ~f},90 
- O.792 Oe 67 1.42 6059 ~~ 25 7 
- & 16 0.59 Le & 5.63 ~] al? 4}, 8] 
“16.41 0.721 4219 7 057 ont 25 of} 463 
> $42 0.73 1.07 6.50 ~j ofl 651, 





G2 








PARLE AAVI 

x % ¥ 

e | *2 . 
(om) (om) (om) 
~~) .73 baal 9.85 1.02 
1226 _ 70S Le5k 
~2 46 1328 302 
= 05 _ 9419 $.00 
1692 eal jeae 30532 
3249 il % 265 26 
a 8 ’ 37 10251 5 ead 
405 - 6.09 5 290 
3000 al 6.14 519 
2253 3, &7 755 
0226 - 0094 5,00 
20D9 ~ 6.55 1.59 
~2e15 “hi e332 9ef7 
056 al 9410 9e99 
2el4 = 7208 9289 
7036 ~ Les 11.05 
7 00 we ahd 9289 
310 0256 9699 
11.32 2038 eT 
6655 ~ 2659 1059 
2.94 - 3.20 20D 
11.67 2053 Tes 
G14 = 3600 5029 
£09 be 5 690 
26652 1037 5263 
346 ~ 5049 ZeO0 
Te he 192 3052 
9 eb 9.05 «OO 
at?) 2046 3612 
788 _ 1226 Le 1 
9e05 OeTL Lel2 





PROC TAVIATS 
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TASLS ALVYIi~Contimed 
Ce a ne eee re aid 








Lens 13 

e, &, @, “ty py ax" fax"/a, e, 
(m) (m) (m) (ederona) (m) (am) (m) 
2.84 16.46 19.30 ~ $7.8 0.961 ~1.50 17.96 
om? gd 13212 ~25 96 = D2 ~~ Lee Lead 10.92 
~3.13 19.64 ~22677 LTT o& 4.624 ~6.33 2517 
~3.13 15.69 -18 .62 ~168 .2 G,062 =f} 0.9 15.79 
~3.i3 Lee44 15657 ~i37 1 =} 2536 3e2t 9.17 
3.13 16236 ~1 3.45 ioe 67 eS wi 2893 5 ok 52) 
3.25 18,25 —21 253 313.6 20206 ~3,23 21.48 
=3025 14.46 “17-76 ~261.9 “L074 2.04 12.44 
=3.26 11.40 “1466 1.9025 “2.924 864.52 6.58 
“2.6 20.19 ~22 87 fh 35304 4.805 1.53 21.72 
m2» 16.39 ~19.07 = 362 4 «4) 243 0.42 15.97 
m2, 68 12.92 “15.0 ~296.0 ~j E83 442 § 450 
=], 054 15. 63 ~2ih ol7 “517 od 3.726 oe) oS * &§ 
“1654 17.73 ~19.27 whS1 63 Oe7T45 kal 18.91 
om) 654 14-35 35.89 392 29 ~h o G34 Bela 10.63 
0.55 15.17 “15272 4.65 07 1.465 3.06 L2elk 
3099 106.17 =10.26 ~303.9 32956 8.26 1.91 
0255 941 - &.86 ~219 «1 2944 6.78 2.63 
=f) .O9 7 094 il 8.03 ~200 05 0310 & 651 ~~) 257 
0.19 Toh ad 7eh2 ~L7369 16250 & 62 1 51 
1054 8.57 ~10.31 “191 “10220 7.24 133 
0.55 7+26 — 6.62 ~L 3262 064 6.46 GO.7F0 
~~ 009 6004 ~ 6213 “115.2 1.288 7.53 ~ie79 
~2,.8 8.25 ~3£0 293 ~L41e ~“he433 7234 0.92 
~1 054 7.02 ~ &.56 ~126,3 “e517 757 0255 
0.55 5.86 ail 532 - 77 od 0.544 6.123 4625 
~3.28 6675 12 203 — 6022 ~}, 655 7244 Le 3i 
~2.&3 7&8 10.36 91.2 #1 022 8.16 ~0 259 
~} 54 6.59 = 8.13 —_ 82.3 6.027 8.30 ~Le7l 
0.55 5.63 7, § 08 = 39.6 1.032 6645 ~0,22 
~~? & 7257 ~1 0425 - 3007 ~.724 §.83 ~}, «26 
1.54 GaSS = 6.12 - 36.9 Od Dd 8.75 “2 17 


== . 
Sitddecuse dees 


._ 





94 
TARLL ZXVI-—Tontimed 











0.56 =-2.05 2.62 11.9 92130 0.20 2025 
0.56 ong? 9 OO) 2.56 G.7 $261 =f). 35 1» 65 
@.33 we 30 2.63 20.45 wf) 534 0.671 3,01 
0233 =}, .96 Zend 2209 of} G07 06.01 ~]) 97 
0.33 ~1.92 205 18.9 9212 Oed5 ~1 247 
0433 bet 5 2,06 160.4 0 e292 7G 256 
C620 8 ~2.14 2.34 340k 9.240 6.35 = 049 
0026 1,52 22 29.0 Oe122 ~H.23 “1059 
6,20 “1 ef Ze 26.0 0,262 of). 66 ~}], ld 
0.20 2.46 2066 5Ged wo) HO Geld m36e0 
0.20 “1.93 2ei3 £2.46 0.027 oh OS ea) 
0.20 Le 1.05 bere 0,223 i 52 w=] Pe 
9 =e 950 2450 oL wl) , £39 0.6 ~3.10 
6 2215 2.18 544 Af) COG Oe23 ~2e 5h 
© =}. .70 is fie) 42.0 Oelb4 40 ws 30 
0% ~~] 89 1.89 56.0 0.175 of) 637 i052 
wD) 1.5 =], ee 1.07 317 6.100 A) EG 0. 36 
“b 25 Lech 30.9 O.133 0.95 ~O 435 
$15 le 0693 2302 036 0.99 0.09 
e248 =1.01 O77 1c. Owh35 095 006 
C en], off 1.46 2 ok O.179 od, «OG al off 
6 “143 1.32 2624 0.017 Jl. 3l od} 9 OF. 
©.15 1.19 1.64 1967 O.Ei9 1.33 O14 
6.26 9.9% 0.78 LOeolk 0.162 O252 46 
© “3.37 1.37 2062 0.083 =2.21 15 
0 3, 924 1.26 18.1 wi), 27 wh efe Ge 
O.20 1.02 082 hel Oe125 0.51 “0 251 
+20 806 90 9470 662 0.069 ~0.55 535 
e 3.75 0.78 Too 3,003 0.92 O ald 
0 =~). 87 0.67 yrs O4136 0.85 Oo8E 
e205 =~0,53 0.43 1.6 e630 O37 626 


0 O51 Oe54 ed 2.O0L (.028 445 
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TABLE AAVIi~e Continued 








Average 

@ Gy ®, “8, Dy axe tax" /x, e, 
(m) (m) (ma) (sicrens) {(m) (m) (mm) 
—0.54 —leed 0.70 Bee 6.035 0.05 ~1,.29 
of) 9 54 062 1.08 Aed 0.076 615 ~] 47 
ot ~~}, me Re 9.52 hed -G.106 OeLd 3 e24 
odd F ~i el or 61, Ged. 002 ] ~1 019 
=D 45 ov] 337 0699 Cel 9.098 O62) ~1 636 
wf) 450 i efz 1234 Set 0.16 of) 942 Lead 
E60 wl, 006 0226 209 ot) O22 0.93 J, 203 
—() £0 =~) oO 0239 4eG 0.018 203 we), 007 
=} 420 = 650 0.70 Sel G.e092 Q.23 ~1 Prt | 
55 ~1 249 0 94 17 of =) 1 96 0.26 ~1./5 
3455 0.88 0.33 Ge 0.064 6.01 087 
055 00 1h OO 0.45 545 00054 O6i3 0.07 
eO2 le 1.64 40.1 02259 80.39 ~2 605 
—.02 1.33 163i 3267 0.051 0.66 ~1. 41 
4.02 0.74 Q.72 17.6 @.076 0.17 657 
0.27 = ot 5 142 A2ei 06,133 ~~. «0,67 
—O.12 <).46 0234 1064 0.032 0.26 ~ 18 
0.27 0.76 1.03 2505 O110 0.79 0203 
O.i2 “Os 0.54 135 ~ O22 056 0 06 
~$.32 0.62 0430 73 3.053 Oe37 e225 
-).02 1.15 Lel3 21.4 Oel37 O61 0.31 
0227 =) e2e 149 29.8 3.919 -), 046 0.24 
~~ Jel2 ~1 14 1.02 L903 = 4225 1,430 0.15 
055 |= 58 1.03 L304 Ool35 0.69 89 
=—9.02 ~1.50 1.45 22.05 O-090 1.32 16 
027 ~1 42 1.69 24.6 Olid ~] 95 0.53 
~.80 -1 436 6258 209 0,082 «236 ~] 002 
055 ~} 232 0.76 be7 0.075 =. GO Qe7l 
oh} O02 1.25 1623 L203 at) 004 “Lees ~) O02 
0.27 2.17 1.44 Lied 43,293 1.63 0.66 
“O.55 1.25 0.70 226 9.050 0.61 0.64 
~) 02 oft 1.25 Sef 1) 992 ~1 oe 34 0 O07 














Figure el 








rieure 22 
Y-Farallex in microns 
Model rormec with tne averare len 














Fi,;ure 24 


Ajgdlrection errors in meters 
}ooagel formed witn lens 12 








Pi-sure 25 
A-ulrection errors i:: centimeters 
Model formed with the averare len 











Th pele aie 


e ” 2 A 
n= rectiol Creorsce in CENneLimetsis 
A 


ele. 4a pe 
Ode } eg ens S 








Yigure 27 
slevation errors in meters 
formed with lens 1 








fipure 2& 
.Levation errors in meters 
bkodel formed with the averaj;e lens 











“ircure 29 


il er ors in meters 
yO a1 Orme 4 wi tL} lens Ie 
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TABLS MAVIL 
SR In rene ae REO ne ET Se OER Ae eats re eS eT 








X(B) 

pe a a 604 9404 294 
1,593,451.33 3,023.15 
19594,756.93 GI3,0T6.95 
1 5593,453.70 602 9744291 
495939375241 OO 236017 
33934426 599 309365 
1359497 14 399 4159 081 
1,593,438 27 597 197 52 
195935421 .23 595,098.23 
1,5593,406,32 593,761.50 
1,596,071 .06 597 5614.30 
1597 9404230 557 57.06 
a + » 652.10 $93,773.10 
19590 5740.74 595 5063.€9 
1,598, 749.86 596,300.53 
15595 5754 96 597 9152.22 
‘? 9361.2 597 » 694.69 
2, 601,378.97 97,752.70 

1,59€ »690.78 596 9893. 
i 9598 98.10 26 600, 366 ests) 
1,596 4758 48 601,701.36 
1,598 , 664. 03512247 

Per 1,598 .786.36 604,340. 
Blue 1,62,746.73 02 ,9E4.10 
Meyers 1, @4 9049.62 G04 5317 ofl 
R116 1, 604,103.93 3030.92 
> VES 0 9505 222 
3,694,018 .30 650), 357 258 
1; 602,719.26 599 5039 058 
1 G04 4065.99 595 9 108 210 
1 03,997 0&6 594 5194.0 
1, 609,391.79 (00,332.56 
Lange 15593,421..79 596,601.23 





Given in Feet 
¥(#) 














chuvtshadidetslisstilabrantats 
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TABLE ZAVIil——Contimed 
SEE IE ELE LS OE AE Te I A NEE EON LE, EE tet EE a ROE 


Obaerved at Ground 


Observed 

x(B) Y(z Z 

te) (nt (ft) 
808.66 1,264.24 5.1 
766.57 15,263.41 624.5 
769643 1,243.66 685.3 
127 662 1,252.13 665.3 
1.8 1,203.16 E93el 
646.83 1,250.13 688.3 
650.02 1,240.74 GEE .E 
€97 32 1,279 12 66.1 
525 00 15277 «16 662.8 
484.26 19275047 684.3 
610.23 1,198 290 67 oT 
9475 159158 627 9.5 
489 37 45116.75 $74 2 
526, 1 115.10 695-3 
568.9 1,116.03 694 05 
610.77 1,117.10 694,43 
610.52 1,068 .27 697 »2 
613.19 15037623 695.67 
645 50 1,120.06 69.3 
690. 1,117.82 56.4 
731.11 1,120, 66.7 
7146 1,124.12 4.2 
211.58 1,122.16 60347 
773.90 2,000.33 686.3 
£15672 961. 682.25 
T7650 959.83 656.8 
T3007 959.97 684.5 
695 .00 959015 5.3 
653.66 997 054 690.65 
555 6&6 7536 699.3 
567 26 954 28 197 3 
699.212 195 «45 69.6 
564.70 1,278.32 629.2 





Soale in Feet 
B ¥ 
42,106.63 25 9149 294 
40,802.49 25 243-77 
42,064.63 235,872.05 
42,098 043 22 5362.21 
425999 .02 21 9223 46 
49,706. 21,326.12 
41.5965 88 199925 020 
41,901.58 LT 9224.42 
41,678 94 15,887 .66 
395333299 20,020. 6? 
x 5000. 20 O04 oG2 
369584 265 17 3350.39 
36,615.16 16 , 667.32 
36,650.26 20,638.39 
35 9044 295 20,030.16 
34 O29. 205117 «78 
36,745 203 215277 62 
36,673.89 22, 657 048 
3657 & 209 23986255 
36,816.27 26,626.64 
32,819.23 25339042 
32 9555.22 26,7 62.47 
31 454.224 25 9405.257 
31 9495.08 239952043 
3154 Ei 22,801 64 
32,727.69 21 9445 254 
31,206.42 12 9234 Fk 
32,308 .40 16,642.39 
26,097 044 225937 C2 
415939.32 18,526.90 


° . - 


a. on 


oe ea Tape Rhee hee? ene 


— ‘ ~ 


BRRRAYS § RITA RA RRS ATE an’ 


LORE RESTS PRED ERNE T SERIE oes 


Coke pea eee ees ae a oe > 











CABLE eat _— a 


Observed at Chven Origin 














Ooserved " Looad origin 





E aR x BR 
2.95935 304 095 * 604 5246.36 99 HS 3 59 353008 
255935332.18 H2 gf 65 240 55935620 3,972 0h2 
15594,636.32 H2 4959-23 ond 9054 0A 6 44065 295 
2 95935374610 603 9587 52 316.60 23694023 
1,593,340.3% DO OTT 67 wos 9 350 240 1,184.39 
459593943919 596 9936.92 a 9 250 099 430 ih 
1959473212 599,041.55 ~3, 955 66 148 .30 
195935472293 597 » G40. 5 217 065 3,252.62 
199935537223 594 4939687 9h. 53055 ~359953-41 
1,593,559 087 593,603.26 oH gh 30291 9290 202 
2,596,204 82 597 9736613 2 9585 096 15457 245 
29597 9437.02 597 9720.38 1 9252096 ~l y172290 
1.9598 5660.03 5934770692 109.25 Fj y122437 
25595 9854.16 595 065 05 16336 ~3,027 43 
1,598 ,623.65 596,382.78 132.87 -2,510.50 
15598 , 768.55 $97 9753-05 OF TT 15139243 
1,800, 393.06 597 3745-64 3,703.06 -j gh47 « 64 
1,602,408 .95 S97 9833224 2,738.17 ~1 060.04 
1,596 4690.76 598 4693.28 0 G 
1,596 9764.92 600 372.94 74034 1,479.66 
1,596 ,673.72 601,702.02 “ at 206 25605 ..73 
3.5598 5558 223 603,121.63 - 332255 45225 435 
Ls 9 020 054 604 5342.16 — 70224 5 9448 £2 
1, 82,619 58 6035105 88 35926 280 4,212.8 
1 603,853.69 604,477 293 59292691 5 504265 
1,603,974.57 603,203 03 5 9263.79 49307.75 
15603,943.73 G01, 667 069 99292 099 25977404) 
1,603,970.63 600,517.38 5 9279 085 1,624.02 
1,602,711.12 599,161.00 4,020.34 267 «72 
144,152.39 595 9950037 5 7461.61 ~2 9942 G1 
1,604,130.41 eta det 59439263 “Tieton 
1» 609,341.37 600 , 652447 10), 650059 2.9159 019 
195939499250 5969242. 36 «5 pi 9Le 2 5650.92 
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TABLE AXVIT—=Joent immed 





Corrected Looal Coordinates 





a 


Serrected Observed Coordinates 











ag 8 Pl 
9222.9 * §,512023 1,593,467 .60 4,404.41 
9237 02 49130015 155935453276 63,023.43 
~3,930.77 49184295 1959457 60.01 603,078.23 
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COUCGLUSIORS 


As@eming that the lena useaé in the photography meseured 
ig comparable to the average lene commuted, a comparison of errors 
gan be made, inacmmch at the slevetion, 13,750', is aepprosdieately 
equal to the 4,000 = elevation asgumed for other computations. 

4s ie obvious from the difference in negnd bade and pat= 
tern of error, the leck cf a true spatial model prevents any 
meaningful compariecon. With the exception of eorner points, the 
elevation errors cotained were relatively close to being withia 
the mexiomm commuted for the average lens, however the range of 
errors wee greeter than computed for the average lene. The 
A~irection errova bore no resemblance +0 the computed grapke in 
either pattern or magnitudes. @he Ydirestion errors cannot be 
eomputed, a8 previously disoussed, due to the leck of ability to 
predict just where along the lino between the two images, as 
separated by parallex, the point would be shesen. Tho magnitude 
of Y-direetion errors, measured in the actual nhotography, is 
considerably lesa than the A=liresction and elevation errors 
meneured, The maximum prodominent orrer in all coordinates was 
approximately 5 feot, whieh would gut the acourgey at one part 
im 2,750 parte of slevation abeve the terrain, Thies seouracy 
wild only te agceptable for most warping requirements if flew 
at vary low altitude above the terrain and controlled by 
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mufficient geedetiec control or by high altitude normal angle 
photography. 

Without the ability to obtain a true spatial model in 
the stereo plotter, the relatively high accuracy as compted 
for the Z walues of the average lene will not be achieved. <Any 
jendensy to warp the model to sliminate the parallax oaused by 
lens distortion will tend to decrease the A seordinate acoursay,. 
The elevation soouracy is also scdvereely affected by this warping 
waz not to the same extent. The nrlus to mimes range of errers is 
inereased considerably tut absolute errors are not invreased too 
epeatliy. The Y-direction errors which would be ehtainad with a 
true spatial model would probebly not be too greet but cannot be 
predicted due to the range of possibilities of Y~positions due 
to perallex. The maximin of 15 microns parallax computed for the 
average lene would create a maxisum F<lireetion error of apprexi~ 
mately one part in 10,000 of elevation above terrain. Thus to 
map with the above photographs taken at 13,000 feet above ths 
terrain, the eaxisun mapping seale which could be ueed with map- 
Ping acourasy of 0.2 ma would be 1:6,000. 

Thus metrogon photography is mitable for low altitode 
mapping with the altitude determined tr the mapping accuracy re- 
quired, but is not miitable for eny centre] extension work. The 
only case in which metrogen photography would be suitable would be 
in oase the distortion curve of the lene used was mffictentiy 
close to the matrogon correstion platea to be used to bring un- 
compensated errors throughout tho model area to less then 10 microns. 
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